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THE NATURAL HISTORY OF THE OYSTER. 
By Rev. SAMUEL LOCKWOOD, Pa. D. 


IL 


N illiterate fisherman once became wellnigh eloquent in his 
effort to describe to us the treasures which the waters offered 
freely to man. Nature is, indeed, lavishly opulent. Among the food- 
treasures of this bounteous harvest of the sea, the oyster ranks high 
in the general esteem. And deservedly so, for she is truly the queen 
of the bivalves, Let us try to tell the story of her life. 
Ovster-PLantina.—For a creature of such lowly rank in the scale 
of animate being, it is wonderful what a literature attaches to the oys- 
ter. Through the roll of the ages it bas been a factor of prime impor- 
tance in the convivial instincts, the moralities, and the industries of 
men. It has honorable mention in classic song and story. When 
imperial Rome had her many million populace, and her almost fabu- 
lous wealth, the oyster figured prominently in the more than lavish 
luxury of that extravagant city. Do our oyster-growers know how 
ancient their calling is? About 2,400 years ago one Sergius Orata, a 
man of a practical mind, turned Lake Avernus into an oyster-bed ; 
and through his culture of this bivalve the Lucrin oysters, as they 
were called, became in reputation the “Saddle-Rocks” of Rome. And 
what a splendid market he had! His practical genius carried the new 
industry of oyster-planting to great perfection ; and such was his rep- 
ntation in that line that the Romans had a saying that, should the 
oysters stop growing in Lucrin Lake, Sergius would make them grow 
on the tops of the houses, Avernus has at last succumbed to the mu- 
tations of time, and is to-day a miserable hole of volcanic mud. It 
now offers a good opportunity to test the great man’s abilities ; but 
Sergius Orata himself “dried up” some time ago. 
Near Baie and Cums is the Neapolitan Lake Fusaro (Hig. 1). This 
was the classic Acheron. It is about three leagues round, and is hardly 
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im any part more than six feet deep. Its bed is a black volcanic slime, 
such as one might suppose would be death to mollusks generally. 
From time beyond memory this has been an oyster park or planta- 
tion; a place for raising the young oysters, that is, the oyster-seed— 
namely, the small oysters, which, when put in proper places, will be- 
come oysters of an eatable size. For these young to settle on, heaps 
of stone are placed in the lake with a circle of piles round each heap 
(Fig. 3). In other parts of the lake the piles are driven in rows and 
connected by ropes, from which hang fagots, on which also the young 
can fix themselves (Fig. 4). These fagots, at the proper time, are 
easily pulled up, and the young, or “seed,” picked off by hand to be 
planted elsewhere. 

Formerly France possessed a great abundance of native oysters. 
But this industry was without regulation, and the French natives, 
like our Northern natives, came near being exterminated. <A few 
years ago Prof, Coste, of the French Academy, called attention to the 
fact that the French oyster was becoming extinct. He took up the 
study of this mollusk in earnest, and learned many important facts 
concerning its nature. He even went to the Neapolitan oyster-park, 
and observed how the fishermen there saved the young ones. He then 
appealed to the government, which put means in his way for experi- 
menting, and, in a short time, he had a successful oyster-plantation 
under way. It isin France as elsewhere, “seeing is believing,” and 
“there is nothing that succeeds like success.” Under the wise direc 
tion of this learned naturalist the new industry, oyster-planting, be- 
came a furor in France. “In two years 1,200 capitalists, associated 
with a similar number of fishermen, occupied a surface of 988 acres.” 
By which is meant the area of shore-line exposed at low tide. And 
what labor! so thorough and scientific. The isle of Ré, with its 
unsuitable, muddy shores, had all that sea-bottom altered. In two 
years twelve miles of sea-coast thus changed was planted, with 1,200 
parks in operation, and thousands more projected. Now, oyster-cult- 
ure is conducted in France on better principles than anywhere else. 
And all of this great additional wealth to the nation comes out of the 
applied science of a man “that studied shells and worms,” as is often 
said in derision. In France scrupulous provision is made for husband- 
ing the fry. In America no effort is made in this direction, and the 
time is not far off when the nation will wake up to a serious calamity 
in this respect. 

The American practice is simply this: In the spring of the year 
large numbers of sloops and schooners go south to procure the young 
oysters called “seed.” This sets considerable money afloat south- 
ward, as they have to take with them the ready cash. In the days 
of “wild-cat” banking, the Southrons would take nothing but specie, 
and that must be paid just so soon as the oysters were put into the 
boat. The “seed” is obtained chiefly in the Rappahannock, the Nan- 
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ticoke, and a few other places. Oysters also of a moderate size are 
often Drought north and laid down for a season, that they may in- 
crease in size and acquire something of the flavor of the Northern 
native, so superior to that of the Southern. The better kinds of the 
Southern, such as the Lynn Haven Bays, Sandy Points, Cherrystones, 
York Rivers, ete., are sent for immediate consumption to Baltimore, 
Washington, Philadelphia, and some to New York. New Jersey, 


Fira, 2—EvROPEAN OvysTERS: Five Groups or DIFFERENT AGES GROWING ON A STICK 
or Woop. 


New York, and Connecticut, are the favorite planting-grounds. When 
the vessels return with the young oysters they are planted, that is, 
scattered over the beds. As the lower side of the oyster is the 
heavier, this generally secuves its falling right side up. The seed, 
or young oyster, ix allowed to lie for from one to two years, seldom 
three, when it is considered ready for market, and in that time it has 
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greatly improved in quality. Early in the fall the work of taking up 
the crop begins. This is done by what is called tonging. An instru- 
ment is used enlled oyster-tongs. Something of an idea of it may he 
got by supposing two garden-rakes with very long handles, with the 
tooth-side of each rake facing each other; let the handles be secured by 
a loose rivet abont two or three feet from the teeth, so that by operat- 
ing the extreme ends of the handles the whole contrivance shall act as 
a pair of tongs, Working over the side of his boat, the oysterman 
and his comrade thus take up the first of the harvest. After tonging, 


Fig. 3.—ARTIFICIAL OYsSTER-BANK IN LAKE Fvsaro. 


the bed is again gone over, but this time with the dredge (Fig. 5). In 
this process a vessel with sails must be used (Fig. 6). The great iron 
bag or dredge is east into the water and dragged along the bottom. 
Then (and terrible hard work this is) it is drawn up, and its contents 
are emptied on deck. Whether tonging or dredging, oystering re- 
quires broad-chested men, with sturdy hands and arms, The oysters 
are next taken a little way up a fresh-water ereck or stream, into 
which they are thrown “to get a drink.” The process sweetens and 
cleanses them. One day, often even one tide, is enongh for this pur- 
pose. As the water is not deep, the mollusks are taken up with large 
forks, The workmen stand in the stream, wearing very high rubber 
boots, When late in the fall, this is intensely cold work. Before heing 
thrown into the fresh water, a sorting process is gone throngh. There 
are dead oysters, and winkles, and conchs, and stones, and many use- 
less matters, to be separated, All this is thrown upon the banks of 
the stream, After being taken out of the stream, before they can be 
sent to the great city, comes the process called “culling,” that is, as- 
sorting into the sizes known in the trade, The smallest are ealled 
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“culls,” and are sold by the bushel. These are used in making the 
popular “stews” of the saloons; also, when opened, it is this sort 
that is sold by the quart for domestic use. The others are known 
as “count,” and the restaurants serve them up as “ fries,” and on the 
half-shell, as raw. These are sold by the hundred. 

After the harvest is finished, not a few oysters will yet remain on 
the beds. The grounds are then given up to the laborers who have 
worked them on hire. Under a new impulse these men go over the 
grounds again with tongs and dredge. They work on shares usually, 
returning to the owner of the keds one-half of the results, which 
makes a really handsome thing for the gleaners, whose work in this 
way lasts from two to three weeks, making three or four days a 
week, each man often clearing as his portion from four to five dollars 
aday. At any rate, such generally is the practice with its results at 
Keyport, N. J., where for many years the principle of the good old 
biblical rule, of not forgetting the gleaners, is almost religiously ob- 
served in the last gathering of this harvest of the sea. 

Locat Varretres.—It is generally conceded that the Northern 
oyster is superior to the Southern. Upon this understanding, and the 
fact that formerly the Southern oysters that were brought north were 
chiefly procured from Chesapeake Bay, and the favorite Northern 
natives were got around and near New York, the old oystermen used 
to speak in general terms of two kinds, the Southern and the Northern, 
which they designated as “ Chesapeakes” and “York Bays.” There 
are, however, a great many local names, which are supposed to in- 
dicate special excellences. All these northern edible oysters are of 
one species, Ostrea borealis. Some naturalists, however, claim that 
the Southern is different, and should be called Ostrea Virginiana. 
But for the plain reason that both varieties can any day be found in 
any oyster-bed in Long Island Sound, and indeed they seem to change 
by growth indiscriminately into each, a more rigid science would 
refer them all to the name given by Lister— Ostrea Virginiana, Yet, 
take them in the mass, and any experienced oysterman will tell the 
Southern from the Northeru. The European oyster is calied Ostrea 
edulis ; but that it is sufficiently different to make a distinct species is 
far from certain. Experienced dealers will pick out the local varieties 
of the Northern article. Of these we have many names—such as the 
Keyport, City Island, Guilford, Blue Point, Rockaway, Saddle-Rock, 
Shrewsbury, etc. The Blue Point was for fifty years “the Mnicker- 
bocker among oysters.” It was raised chiefly in Great South Bay. 
This fine oyster had to yield on the appearance of the splendid Saddle- 
Roeks. This name is still given to all very large oysters, and generally 
to those taken in the East River. It is, however, no longer in exist- 
ence. They were first brought to Fulton Market, New York, by an 
old negro named Henry Scott. The following, by our friend Dr. O. R. 
Willis, is authentic. It appeared in the ew York Observer: 
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“The original Saddle-Rock oyster was not only very large, but 
possessed a peculiar, delicious flayor, whieh gave it iis reputation, 
And it received its name because it was discovered near a rock known 
as Saddle-Roeck. <A high northwest wind, continued for several sue- 
cessive days, always causes very low tides in Long Island Sound and 
its bays. On the farm of David Allen, situated near the head of 
Great Neck, on the eastern shore of Little Neck Bay, is a rock about 
twenty feet high, and from fifteen to twenty feet in diameter. The 
shape of the top of this rock resembles somewhat the form of a 
saddle, and from that circumstance is called Saddle-Roek. At low 
water the upper or land side of this rock is left bare, while the oppo- 
site or lower side is in the water. In the autumn of 1827, after a 
strong northwest wind had been blowing for three days, a very low 
tide occurred, and the water retreated far below the rock, leaving a 
space wide enough for a team of oxen to pass quite around it. This 
extraordinary low tide revealed a bed of oysters just below the rock. 
The oysters were very large, and possessed the most delicate flavor; 


Fic. 4.—Fagots susPENDED FROM Ropes, TO SERVE 4S ATTACHMENTS FOR OYSTER-SPAT, IN 
Lage Fusaro. 


we collected eart-loads of them, and placed them in our mill-pond 
(tide-mill). The news of the discovery spread among the oystermen, 
and boat-loads soon found their way to the city, where, on account of 
their excellent flavor, they commanded faney prices, even reaching 
ten doliars a hundred !—an enormous price for those days. In a very 
short time the locality was exhausted, and for more than forty years 
there has not been a real Saddle-Rock oyster in the market.” 

At present the favorite native is the Shrewsbury, which is mainly 
obtained by planting, in the Shrewsbury River, seed procured from 
Tappan Bay, Of this seed there will be in a bushel about 2,500 
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young oysters, costing abont 60 cents. After two years’ growth, 
200 will fill that measure. At present the Shrewsbury is accounted 
by many as the emperor of the bivalves, and will fetch in market at 
wholesale from $1.50 to $3.50 a hundred. What is called the summer 
oyster is brought from the York and James Rivers, Va., and planted 
north late in the season for summer use.t Some are brought from the 
waters of Maryland. 

THE Oyster-Trapr.—Dragon, as it used to be called, Fair Haven 
now, near New Haven, was formerly the place where oysters were put 
up for Northern and Western use. The bivalves were opened and put 
into neat little kegs. Latterly the business has gone down to Balti- 
more. “Shipping is yearly becoming more extensive, and Baltimore 
—though ahead at present—has a powerful rival in the metropolis, as 
all roads lead to it, like those of the ancient world to Rome. In Oc- 
tober the shipping to Europe and California commences, and latterly 
tubs instead of sealed cans are used. In shipping to St. Louis, Cin- 
cinnati, and other places within a distance of a thousand miles, oysters 
are shipped in cold weather in kegs protected by gunny-bags, but in 
summer the kegs are placed in larger vessels and the space packed 
with ice and sawdust. So expert bas experience rendered the shipper 
that oysters seldom spoil, and the Western purchaser may rejoice in a 
comparatively fresh and wholesome article.” 

Even in the northern parts of the State of New York, thirty years 
ago, oysters were an unknown luxury. But the rapid transit “ which 
has been developed in the last quarter of a century has given a great 
impnise to exportation, and statistics from reliable sources show that 
many millions of dollars’ worth of oysters are yearly sent from this 
port alone. For instance, the average retail trade per week of Fulton 
Market requires 250,000 oysters, and one establishment is called upon 
to supply from 1,000 to 1,500 customers daily. The wholesale de- 
partment packs and exports 100,000 weekly, and gives employment 
to a large number of men. 

“The yearly returns from the home-market amount to $4,000,000 
per annum, and from other localities to about $1,000,000. The trade 
gives employment to 2,500 men in New York City, and to 200 in 
Brooklyn. There are 750 oyster-saloons in the metropolis, and 100 in 
the City of Churehes. On the North and East Rivers about 50 scows 
are employed receiving oysters from the vessels arriving from these 
various bays, and from these boats about 3,000,000 oysters are daily 
shipped thronghout the country. Five hundred sailing-vessels are em- 
ployed in this vicinity, which number includes every thing from a 
sail-boat to a schooner of 150 tons. A corps of 5,000 men is engaged 
in planting and bringing to market, who earn on an average trom three 

' For some of the facts cited above, and in a few paragraphs immediately following, 
Iam indebted to an able article in the Brooklyn Eagle, the date of which I cannot 
tell.—S. L. 
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to four dollars per day. In fact, it may be safely estimated that about 
10,000 men, directly or indirectly, make a living in the oyster-trade of 
the two cities. Many of the ancestors of the wealthiest Knickerbocker 
families were oystermen, and at the present day many a bluff, rugged- 
looking man engaged in this business has a bank account that more 
pretentious people, living in a brown-stone honse, might well envy.” 

American oysters are now being shipped to Europe by steamer. 
The first ventures proved disastrous. They were shipped in bulk in 
the vessel’s hold. They “spoiled,” that is, perished, doubtless from 
the warmth and want of air, as oysters are often carried by sail-ves- 
sels from the South to the North safely, although they may be longer 
on the way than the steamer, and even carry larger quantities in 
bulk. These vessels eniployed by the oystermen carry, according to 
the vessel’s capacity, from 1,800 to 2,800 tubs, a tub being a bushel 
and a half. But, though oysters were at first lost in their transit by 
steamer, they now go more safely, being put up in barrels, instead of 
in bulk, And this business of oyster transportation is destined to 
assume immense proportions; hence the following from the World of 
December 22, 1873, may become an item in history: “N. B. Mulliner, 
A. W. Mead, Oliver Charlick, and Miles Smith have formed a com- 
pany for the shipment of oysters to the London market, and made 
their first consigument during the past week from Freeport. It is pro- 
posed to sell the oysters on commission.” 

An experiment, the results of which, if successful, will be followed 
by great consequences, is a recent attempt made to acclimatize the 
New Jersey oyster in California, Joseph Ellsworth, a heavy operator 
in this bivalve, who owns one of those floating establishments known 
as scows, affairs of immensely greater importance than the name would 
imply, made a very interesting venture last fall, He freighted a car 
with the “seed” for San Francisco. The seed was obtained in New- 
ark Bay, and 60 cents per bushel were given for it in the rough, that 
is, as it adhered to shells, etc. The best and cleanest were selected, 
averaging in size about that of the old copper cent. The cost of 
this seed would be about $8 per bushel at its delivery in San Fran- 
cisco. It is estimated that two years’ growth will suffice for this 
market, where they will be more easily suited on the question of size 
than the people East. It is also expected that, after the spawning- 
season is safely passed over, enough stock, or seed, will be had to 
make fnture operations successful. Of course, the whole matter is, as 
yet, an experiment, The native Californian oyster is a puny affitir, 
and it is to be feared that the Eastern oyster will degenerate in Pa- 
cific waters. We shall see. Meanwhile the experimenter deserves 
great praise for the energy shown In his bold venture. 

Tue Risxs.—It will be news to many to hear that the business of 
the oyster-produeer is one of great risk. All is not gain to these in- 
dustrious people, for often capital is sunk in the waters that is never 
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taken up. Many years ago we remember the then small village of 
Keyport suffering a loss in one season of 850,000, Even a severe 
storm continued unusually long has smothered the beds by agitation 
of the mud, for the oyster must keep its nib out of the bottom, But 
two seasons ago, in one of the branches of Shrewsbury River, a crop 
was almost entirely lost, the supposition being that it was poisoned 
by the washing from a new turnpike, in the construction of which a 
peenliar ferrnginons earth had been used. Formerly the oyster 
throve as a native as high up the North River as Peekskill, and 
probably its limit was not below fifty miles from the month of the 
river, They are now, however, exceedingly scarce, even as high as 
Croton, The belief exists that the railroad has destroyed them by 
the washing from the necessary working of the road, which is con- 
stauntly finding its way to the river-bed. So long ago as 1851, Colonel 
John P, Cruger, of Crnger’s Landing, a very intelligent observer, 
called our attention to the fact of the mischief thus done. 

«And there are meteoric causes whieh affect the oyster. We have 
known an unusually severe winter to kill the bivalves in great num- 
bers, And even the seed in its transport from Virginia has been de- 
stroyed—whole valuable cargoes—by foggy weather, and adverse 
winds. Moreover, as will be seen, the oyster has its deadly enemies 
in the animate ranks. 


Fig. 5.—AN OysTER-DREDGE aT WORK. 


Tus Puystorocy or true Oyster.—By persons engaged in the 
Insiness, we have been asked, “Are there hes and shes among the 
oysters?” The answer of the naturalist would be, “There are not.” 
Low down in the scale of life many animals on their sexual side are 
singularly suggestive of plants. Take, for example, that splendid 
grass, Zee mays—Indian-corn, On the top of this graceful plant is : 
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large, brush-like panicle. This contains the staminate or male flowers. 
Embedded in the green cob of the ear are the pistillate or female 
flowers, Their pistils make the tassel, which is called “the silk.” 
Upon these falls the fertilizing pollen of the stamens from the raceme 
above. Without this contact there would be no kernels on the cob. 
In some plants this bisexuality occurs in the same flower. A notable 
instance is that of the prolific strawberry known as Wilson’s Albany 
Seedling. <A similar fact, certainly an analogous one, is true of the 
oyster. It is bisexual. It is not masculine alone, nor feminine alone, 
but both; and perhaps might be defined by that innovation in modern 
grammar, as of “the common gender.” It is hermaphroditic. 

The question of the parental relation of the young oyster on its 
paternal side is most certainly a very perplexing one; for, albeit no 
matrimonial dereliction was ever known among these Ostres, yet 
the fact remains that no oyster was ever begotten that knew its own 
father. 

If, now, the reader will take a little pains to compare our descrip- 
tion of the organism of the oyster with Fig. 7, he will see that, how- 
ever lowly the oyster may be regarded, it has a compact and even a 
complex anatomical structure, manifestly a beautiful adaptation to the 
ereature’s necessities; and even exhibiting, ina very instructive manner, 
a wonderful likeness to our own organization. If this seems a startling 
position, let the reader follow the discussion, and see if it be not made 
good. If we take an oyster in the hand, it will be observed that, of the 
two valves or shells, one is much deeper and heavier than the other. 
This is the bottom or lower valve, because, when lying undisturbed on 
the bed of the water, it is the under side. The upper valve is often a 
mere thin plate of shell. It is observable, too, that generally the 
lower valve is, on the outside, quite convex, while the upper one is 
usually either flat ora little coucave. Let it now be remembered that, 
anatomically, an oyster has also two sides, and that while living its 
normal position is to lie on its left side. The valve, then, represented 
by the cut, is the lower or deep valve, in popular speech, but in scien- 
tific phrase it is the left valve. The oyster itself is shown as repre- 
senting what is popularly known as its upper side, the side seen when 
caten on “the half-shell;” correctly speaking, it is the mght side of 
the animal. 

Let us now follow the index-words of the figure. We find a thin 
sheet of flesh lying on the shell. It is the left mantle, for there are 
two, one to cover the right side also, so that both together are contin- 
uous as one, and with it the animal inwraps itself. 

The figure shows a portion of the right or upper lobe of the man- 
tle. It is sometimes called the pallium, and really is the oyster’s 
cloak, though it is always and only worn in the house, This is not 
true, however, of all the mollusea. The beautiful cowries, so high 
colored and bright, are exceptions. If you examine a common tiger 
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Fig, 6.—VESSELS DREDGING FOR OYSTERS. 
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cowry or Cyprea, if an adult shell, you will find that, while the entire 
shell is covered with a shining enamel, there is along the whole length 
of the back of the shell “a line of pale color.” The animal extends 
both folds of the mantle outside of itself and over the shell, and that 
line is where the lips of the folds meet. This mantle has much to do 
with obtaining food. The oyster opens its shells about a quarter of 
an inch apart. These membranes, that make the mantles from both 
sides of the animal, meet just at the opening of the shell. They are 
fringed at their edges with rows of tiny cilia, or soft fleshy hairs of 
extreme delicacy. This pallial fringe in an eminent degree serves the 
oyster as organs of tonch. Probably this sense, thongh distributed 
somewhat over the entire surface of the body, is along this fringe ex- 
quisitely acute. The English call this fringe the oyster’s beard. It 
is protruded just a little out of the shell; and these cilia, almost num- 
berless, keeping up their rapid movements in the water, make as it 
were two parallel vibrating curves, which beget a sort of aquatic 
vacuum inside the shell, into which the water flows, as in a diminutive 
whirlpool, The stream thus affected brings with it the alge spores 
and animalcules which constitute the oyster’s food. But where is the 
oyster’s mouth? Speaking popularly, it is away back near the hinge 
of the shell, as shown in the cut. To this poimt the current flows. 
Now, it must not be supposed that all is fish that comes to the oyster’s 
net. Far from it. Hence this mollusk has eclectic functions. Doubt- 
less a sharp spicule of a sponge may occasionally get into the mouth, 
even as a bone splinter can get by accident into a human throat. The 
word “tentacles,” in the cut, refers to certain organs, that might be 
ealled labial or lip fingers. These, it will be noticed, have immediate 
relation to the mouth. They are the organs for discriminating food— 
functionally they are manipulating lips. The stomach is not shown 
in the cut, being overlaid by the other organs. The intestine, at least 
a part of it, is exposed, and its extremity is really the anus or vent. 
So much, then, is apparent, that the oyster possesses an alimentary 
system of some complexity. 

A-series of plates or plaited frills, lies on the mantle, if indeed it 
is not a specialized portion of that organ. These plaits are the bran- 
chie or gills. In the respiratory system of an oyster these branchi« 
or gills are precisely the same to it as are the gills to a fish, or our 
lungs tous. Through these gills the water is passed. After impart- 
ing to the blood the oxygen taken from the air which the water con- 
tained, that water, now laden with carbonic-acid gas, is expelled at the 
respiratory aperture, or ex-current orifice, the dark spot in the figure 
immediately under the end of the intestine, whieh we have already 
said is the anus or vent, whence this refuse water, like a cleansing 
stream, passes directly out of the shell. This contrivance is certainly 
very beautiful. It is in facet a miniature sewer carrying off promptly 
and quickly the excrements as fast as they are made. 
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The heart, constricted at the middle like the former silk purses of 
the ladies, is shown in place. The constriction separates the auricle 
and the ventricle. And so even an oyster has three sets of circulating 
organs, the heart with its double set of functions, and the arteries and 
veins. And this little organ beats with regular pulsations. That lit- 
tle auricle receives the blood trom the gills, and that tiny ventricle is 
the vital force-pump that propels it into the arteries. “ From the cap- 
illary extremities of the arteries it collects again into the veins, cir- 
culates a second time through the respiratory organ, and returns to 
the heart as arterial blood.” The color of the vyster’s blood is a pale 
bluish white—in fact it may be called opaline. Our oyster, then, is 
not a heartless thing. If you open it with care and skill, as would 
the naturalist, you may see and count the throbbings of its tiny heart. 

In its proper place is seen the liver, which is always a large organ 
in the mollusca, or so-called shell-fish. It is true that this organ in the 
oyster secretes bile, and doubtless in large quantities. It is not prob- 
able, however, that this organ, though large, ever performs a meta- 
phorical function, for it is very doubtful whether the oyster ever gets 
up the amount of emotion necessary “ to'stir one’s bile.” To the fast 
liver this oyster-liver is every thing. The secret is just here: this 
secretion of the liver is the real appetizer of the feast. This oyster- 
bile is both gustatory and digestive. It excites the glands of the 
palate and the secretions of the stomach. ; 

The part indicated by the word muscle is the portion through 
which the knife, is passed when opening an oyster. In popular par- 
lance it is sometimes called the “eye,” and by some the “heart ;” 
terms which, thus applied, are without meaning. It is the adductor 
muscle, and is the organ with which the oyster pulls-to its doors. 

To sum up these considerations of the oyster’s physiology, we see 
that, to the full extent of its necessities, it has distinctive sets of or- 
gans for the performance of the three classes of functions carried on in 
our own organization, namely, ingestion, respiration, and circulation. 

Tur OystEr’s SHetyt.—The toughest part of the oyster is the 
adductor muscle (Fig. 7). The office of this large, strong muscle is to 
pull-to and keep shut the great doors of the house. And a very cu- 
rious bit of mechanism is subsidiary to this action. At the upper part 
of the cut is seen the hinge, a white spot with a dark curve below it. 
This dark curve is the hinge-ligament. It is a dark substance which 
fills up the pit or depression near the hinge. In the living animal it 
is wonderfully like gutta-percha—black, tough, and elastic. Let us 
attempt to explain its use to the oyster. Although this mollusk has a 
strong muscle with which to close its valves, it has not any with which 
to open them. Now, supposing we should take a lady’s writing-desk, 
and, between the hinges at the back of the lids, should insert a piece of 
India-rubber, then should press down the lid, and turn the key; it is 
plain that the bolt of the lock now keeps the lid down, which could 
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not be done simply by the weight of the Hd, as before. Now, if 
we unlock the desk, up springs the lid, raised by the expansive force 
of the rubber at the binges. This is precisely one of the functions of 
the hinge-ligament of the oyster, When the animal desires to shut up 
the valves, it contraets the great addnetor muscle, Wher it needs to 
open them, it relaxes that muscle, and the valves open of themselves, 
Patrick’s mishap was not merely amusing, regarded as a blunder, but 
even more so when viewed in this physiological ght. He was told 
to go into the cellar and bring up some oysters in tbe shell; and his 
mistress gave hima strict charge not to bring any that were dead. 
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Patrick brought up a tray full, and every bivaive npon it was gaping 
wide! In reply to the astonished look of his mistress he said: “Sure, 
mam, they must be alive, or how could they keep their mouths open?” 
“ But, Patrick,” urged the lady, “could you not tell the difference by 
the smell?” “ And sure, mam, I was remarking that same to meself. 
But mightm’t the others have bad breaths too, if they’d only open their 
mouths a bit?” Had the matter been pressed to an explanation, 
perhaps the mistress would have been as severely taxed as the servant 
to render a reason. 

The growth of an oyster-shell is always at the edge. It is effected 
by the rim of the mantle, as a series of delicate tips assorting the lime 
which is held in solution in the sea-water, and most daintily laying in 
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its proper place the invisible cement. The precise method of the oper- 
ation is not, I think, understood. It seems to me that the process is 
not a direct one, but rather the result of another process. All can 
recollect the once-popular mackintosh, a sort of water-proof cloak. It 
was little else than ordinary cloth, with an insoluble substance infused 
into the spaces between the fibres of the fabric. Is it not likely that 
the oyster has a process of its own not very dissimilar ?—that it de- 
posits a delicate net-work of animal substance as the staple, and that 
this is soon filled in with carbonate of lime, taken in mechanically 
from the salt-water? And this same organ has, along its edge, a se- 
ries of pigment-cells, from which it exudes the paint that decorates the 
shell, In this respect the American oyster is a very plain affair. That 
of Europe has more color on the shell, I think, as it is more corrugated 
in form, and of less size. Our own oysters, we believe, both in quality 
and size, excel all others. (For a group of European oysters, of ages 
varying from that of three days to that of one year, see Fig. 2.) 

If the shell of an adult oyster be examined, it will appear to be a 
series of shells, lying or lapping upon each other like tiles. There is, 
however, a difference. The lap of the upper one is not merely on the 
upper end of the lower one, but also on the middle, thus leaving a 
inargin nearly all ronnd. So the uppermost layer is always the 
smallest, and the lowermost one is always the largest of the series. 
The oystermen call these laps “ shoots”—each one represents a sea- 
son’s growth. Thus each “shoot” shows the precise size of the oyster 
at a given year of its life, while the sum of the entire series gives the 
exact number of years the creature has lived. This shows how often 
the logic of Nature runs in parallel lines; for it brings up the old 
maxim again, “ Every one to his own trade.” The botanist counts 
the season-rings in the bole of a tree. The jockey tells the age of 
the horse by its teeth. The drover sets down the age of the cattle he 
buys by connting the rings on the horns; and in like manner the oys- 
terman comes toa judgment by the number of “shoots” on the bi- 
valve’s shell. But all these specialists alike err when giving judgment 
upon an individual that has reached extreme old age. 

The capability of the univalve mollusks to repair the shell when 
broken has been long known and understood by naturalists. In re- 
spect to the bivalves not so much is known. ‘The oyster has some won- 
derful things'in the way of repairing its house after being broken into, 
A case is known to us in which an oyster was so badly fractured at 
the nib that a piece of shell about an inch wide was broken off, and 
the poor animal protruded. An oysterman, for experiment’s sake, 
restored it to the water, and, to be sure, put it close by a pole driven 
into the bed. This was in the spring. In September it was taken up 
and examined, when lo! the ingenious little builder had thoroughly 
repaired all damages ! 

Tur Nervous System or an Oyster.—Physically unstrung, the 
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good old lady thus gave expression to her sufferings: “O doctor, Pm 
getting so terribly nervous! I wish to goodness I’d no nerves at all, 
like an oyster!” An animal withont nerves! One must go down very 
low in the scale of living things to find a creature enjoying such a du- 
bious felicity. The ameba—a simple, gliding clot or molecule of liv- 
ing jelly—enjoys this singular distinction. It has no nerves. And of 
old time some of the philosophers even entertained no higher concep- 
tion ef the organization of the oyster. Nor was it any better with 
Seneca, the moralist, who so eloquently urged the practice of selt- 
denial, and ascetic severity, and whose practical knowledge of the 
bivalve extended to the personal consumption of just one hundred at a 
time. These learned men knew nothing about ameebas, or they would 
surely have leaped to the conclusion that an oyster was an amo:boid 
animal shut up in a shell. Science, however, that sturdy non-respecter 
of persons, while it has pulled some things down, has lifted others up. 
Some of this exaltation has fallen to the oyster, Its nervons system 
is shown to be a very beautiful affair, and might be made the basis of 
some startling hypotheses in philosophy. It seems that, in common 
with the other learned men of his day, Plato regarded the oyster as 
the typieal know-nothing of creation, and so, under the process known 
as transmigration, he judicially consigned the soul of the ignorant 
man at death to the oceupancy of an oyster, Only to think of it! 
That last half-dozen fat mollusks one took so unsuspectingly down 
from the half-shell were possessed of an equal number of low, unlet- 
tered rapscallions in the spiritual state! You don’t believe it? Of 
course, Who does? And it doth appear that Mr. Plato had but little 
to do when he was thus billeting bad company upon respectable peo- 
ple. Indeed, has he not much to answer for? A philosopher tempt- 
ing tosin! Is not the man who stirs the pun as bad as the punster? 
Even at the risk of incurring punitive consequences, it must be said 
That his metempsychosis 
A contemptible joke is !— 

a sentiment which, for want of prose, had to be thrown into rhyme. 
But it is urged in extennation that this great man was only chafling 
some old Greek who liked oysters, and that we ought to look rather 
to the wheat of his philosophy. 

It is not intended here to go the length of declaring for the oyster 
that it has the feelings of a gentleman; although in Figuier the 
Scotch oyster-dredgers (Fig. 6) are represented as singing at their 
toilsome work: 

“‘ The herring it loves the merry moonlight, 
The mackerel it loves the wind ; 

But the oyster it loves the dredger’s song, 
For it comes of a gentle kind!” 


Let us look closely at Fig. 8, which represents the nervous system 
of an oyster. It is necessary, in the study of the nerves of the in- 
VOL, VI.—2 
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vertebrate animals, to use the word ganglion, which means a knot of 
nerves. Really, it signities a little brain, so that an insect or a mol- 
lusk may have several brains in different parts of its body. It should 
be remembered, also, that in anatomy the forward or anterior end of 
an oyster is the part containing the mouth, and that is up against the 
hinge, while the posterior part happens in this case to be near the 
opening, or, as the oystermen call it, the nib of the shell. At 8, then, 
we see the large brain of the oyster called the posterior ganglion. 
We see, too, that it is surrounded by nerves running to other parts of 
the structure. There are two curved branches, marked ¢ ¢, which con- 
nect this brain with two comb-like objects. These are the nerves 
of the branchie or gills, This brain, then, has direct control of the 
mechanism and functions of respiration. But it is noticeable that it is 
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also connected with the entire system of the two nerve-lines, d ¢, 
which suggest the spinal cord of the vertebrates. And this double 
nerve-line crosses the two ganglia or little brains, @ @, which are con- 
nected by the transverse nerve-branch ¢ ; thus the mouth, whose place 
is shown by the half-moon, is encircled by a nerve-ring, and this regu- 
lates the functions of ingestion. In those mollusks which travel, as do 
mussels and scallops, there is a ganglion or locomotive centre. Bear- 
ing this in mind, and the fact that the oyster does not have this gan- 
glion, because it does not need it, not being a traveler at all, let us 
give the gist of Dr. Todd’s remarks on the nervous system of the mol- 
Iusea in general: “It affords a beautiful example of the complete 
analysis of the more complicated nervous system of the vertebrata. 
Have we not here distinctly marked ont the cerebrum (the.centre of 
volition and sensation), the medulla oblongata (the respiratory cen- 
tre), and the cerebellum (the locomotive centre), as they occur in the 
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higher vertebrata? And, in the aggregate of the chords by which the 
cesophageal ganglia communieate with the pedal and branchial ones, 
do we not see the analogue of at least a portion of the spinal cord, 
that portion which consists of afferent and efferent nerves to and from 
the brain?” It is plain, then, that, with a brain outfit of such a charae- 
ter and quantity, there must be something of a corresponding brain- 
foree. In plain words, we mean that, possessing such a physiology, 
the oyster must sustain an analogous psychological relation. Organs 
imply functions. Pythagoras held that “animals have reason but no 
mind.” Let us, then, see what sort of impressions an oyster can re- 
eeive, and what kind of thinking it ean do. If not too preposterous, 
we may even indicate its capacity to receive a modicum of edueation. 

The adult oyster is eyeless, and of course blind. Yet it does with- 
out eyes that which we in its position could not do better with, It is 
affirmed that a bed of oysters has been seen to close by a precau- 
tionary impulse at the approach of a row-boat, even before the shadow 
of the approaching boat had reached them. Now, this is more than a 
blind man’s distinguishing light from darkness. Is not that an ex- 
quisite sensitiveness which ean thus note the faintest tint of shadow— 
the extremest margin of an oncoming obseuration ? 

Before the railroad days, our oyster-growers used carly in the fall 
to canvass the villages on the Hudson River for orders, to be filled just 
before the river should be closed with ice. The meaning of this is 
that these men committed themselves to supply oysters in the shell, 
with the guarantee that the bivalves thus supplied should not dic 
before their time came. The oysters were actually kept alive durmg 
the greater part of the long winter. The fat bivalves were handled 
with some care, and were spread on the ecellar-floor, the round or lower 
side down, so as not to allow the liquor to eseape. That such a life 
required a great change of capacity or habit in the bivalve is evident ; 
and it needed a training, yes, an education, ere the oyster attained to 
such ability. And this was the way it was done: Beginning early in 
the fall, the cultivator of the oyster took up the fat bivalves from 
their bed where he had planted them, and laid them a little higher up 
on the shore, so that for a short time each day they were exposed out 
of the water. After a few days of this exposure by the retreating 
tide, they were moved a little higher still on the shore-line, which 
gave them a little longer exposure to the air at each low tide. And 
this process was continued, each remove resulting in a longer ex- 
posure. And with what results? Two very curious ones—innrement 
to exposure, and the ineuleation of a provident habit of making prepa- 
ration for the same. What! providence in an oyster? Yes, when 
he’s educated. When accustomed to this treatment, ere the tide 
retires, the oyster takes a good full drink, and retains the same until 
the tide returns. Once, while waiting for the stage at a country 
hostelry, we overheard the following between two rustic practitioners 
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at the bar: “Come, Swill, let’s take a drink!” “ Well, I don’t know, 
Ain’t dry myself. Wows’ever, guess I will take a drink, for fear ] 
might get dry!” With better philosophy on their side, these edu- 
cated oysters, twice in every twenty-four hours took their precaution. 
ary drink. The French method of oyster-training is much more 
laborious. The adult bivalves are carefully spread ont iz the water, 
and periodical lessons are given to each one individually. Each oyster 
on this occasion receives a tap, not with a ferule, but with a small iron 
instrument. This causes the bivalve to close tightly. Finally the last 
day comes with its last premonitory tap. Its education thus finished, 
it takes passage with its fellow-graduates for Paris. <As a result of 
its education, it knows how to keep its mouth shut when it enters 
society ! 

Said one of the English commissioners at the great World’s Fair, 
in respect of the American inventions on exhibition, “They show so 
much knowingness!” So we think of this oyster-training ; the Amer- 
ican practice shows a common-sense tact, not found in the French 
method, And, though ina vastly more ancient sense, the secret of 
keeping oysters alive in the winter is an American art. Connected 
with the inland deposits of oyster-shells, made by the former Indian 
tribes in New Jersey, the writer has discovered what he believes to 
be oyster-preserves, the evidence of pits in which the Indians stored 
the living bivalves for winter consumption, when the bays and rivers 
of New Jersey were frozen over, While unearthing this Indian 
cache, the thought occurred, “Wow knowing these ancient people 
must have been!” 

The next article will give, in detail, the friends and companions 
of the oyster; its enemies, with their modes of attack, and the geo- 
graphical area of this bivalve. 


HERBERT SPENCER AND THE DOCTRINE OF 
EVOLUTION.’ 


HE change that has taken place in the world of thought within 
our own time, regarding the doctrine of Evolution, is something 
quite unprecedented in the history of progressive ideas. Twenty years 
ago that doctrine was almost universally scouted as a groundless and 
absurd speculation ; now, it is admitted as an established principle by 
many of the ablest men of science, and is almost universally conceded 
to have a basis of truth, whatever form it may ultimately take. It is, 
moreover, beginning to exert a powerful influence in the investigation 


1A Lecture delivered before the New York Liberal Club, June 5th, 1874, by E. L. 
Youmans. 
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of and mode of considering many subjects; while those who avow 
their behef in it are no longer pointed at as graceless reprobates or in- 
corrigible fools. 

With this general reversal of judgment regarding the doctrine, and 
from the prominence it has assumed as a matter of public criticism and 
discussion, there is naturally an inereasing interest in the question of 
its origin and authorship; and also, as we might expeet, a good deal 
of misapprehension about it. The name of Ilerbert Spencer has been 
long associated, in the public mind, with the idea of Evolution. And, 
while that idea was passing through what may be called its stage of 
execration, there was no hesitancy in according to him all the infamy 
of its paternity ; but, when the infamy is to be changed to honor, by a 
kind of perverse consisteney of injustice, there turns out to be a good 
deal less alacrity in making the revised award. That the system of 
doctrine put forth by Mr. Spencer would meet with strong opposition 
was inevitable. Representing the most advanced opinions, and dis- 
turbing widely-eherished beliefs at many points, it was natural that it 
should be strenuously resisted and nnsparingly eriticised. Nor is this 
to be regretted, as it is by conflict that truth is elicited; and those, 
who, after candid examination, hold his teachings to be erroneous and 
injurious, are certainly justified in condemning them. With such, at 
the present time, I have no controversy, but propose to deal with 
quite another class of critics. There are men of eminence, leaders of 
opinion, who neither know nor care mueh for what Mr. Spencer thinks 
or has done, but are quite ready with their verdicts about him; and, 
so long as it is not generally known to what an extent we are in- 
debted to him for having originated and elaborated the greatest doe- 
trine of the age, these superficial and careless deliverances from con- 
spicuous men become very misleading and injurious. By many he is 
regarded as only a elever and versatile essayist, ambitious of writing 
upon every thing, and who has done something to popularize the 
views of Mr. Darwin and other scientists. For example, M. Taine, in 
a late Paris journal, says: “ Mr, Spencer possesses the rare merit of 
having extended to the sum of phenomena—to the whole history of 
Nature and of mind—the two master-thoughts which, for the past 
thirty years, have been giving new form to the positive sciences; the 
one being Mayer and Joule’s Conservation of Energy, the other Dar- 
win’s Natural Selection.” Colonel Tigginson says:* “ Mr. Spencer 
has what Talleyrand calls the weakness of omniseience, and must 
write not alone on astronomy, metaphysics, and bauking, bunt also on 
music, on dancing, on style.” And again: “It seems rather absurd 
to attribute to him, as a scientifie achievément, any vast enlargement 
or further generalization of the modern scientific doctrine of Evolu- 
tion.” ‘To the same effect, Mr. Emerson, when recently called upon 
by a newspaper interviewer to furnish his opinions of great men, de- 
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clared Mr. Spencer to be nothing better than a “stock-writer, who 
writes equally well upon all subjects.” 

These are not the circumspect and instructive utterances which we 
should look for from inen of authority whose opinions are sought and 
are valued by the public; they are gross and inexcusable misrepre- 
sentations, and exemplify a style of criticism that is now so freely in- 
dulged in that it requires to be met, in the common interest of justice 
and truth. By their estimates of Mr. Spencer, the gentlemen quoted 
have raised the question of his position as a thinker, and the character 
and claims of his inteHectual work. I follow their lead, and propose, 
on the present occasion, to bring forward some considerations which 
may help to a more trustworthy judgment upon the subjeet. Assum- 
ing the foregoing statements to be representative, it will be worth 
while to see what becomes of them under examination. My object 
will be, less to expound or to defend Mr. Spencer’s views, than to 
trace his mental history, and the quality and extent of his labors, as 
disclosed by an analysis and review of his published writings. 

And, first, let us glance at the general condition of thought in re- 
lation to.the origination of things when he began its investigation. 
Character is tested by emergencies, as well in the world of ideas as in 
the world of action; and it is by his bearing in one of the great crises 
of our progressive knowledge of Nature that Mr. Spencer is to be 
measured, 

Down to the early part of the present century it had generally 
been believed that this world, with all that it contains, was suddenly 
called into existence but a few thousand years ago in much the same 
condition as we now see it. Throughout Christendom it was held, 
with the earnestness of religions conviction, that the universe was a 
Divine manufacture, made out of nothing in a week, and set at once 
to running in all its present perfection. This doctrine was something 
more than a mere item of faith; it was a complete theory of the 
method of origin of natural things, and it gave shape to a whole 
body of science, philosophy, and common opinion, which was inter- 
preted in accordance with this theory. The problem of origins was 
thus authoritatively solved, and life, mind, man, and all Nature, were 
studied under the hypothesis of their late aud sudden production. 

Bat it was difficult to inquire into the existing order of Nature 
without tracing it backward. Modern science was long restrained 
from this procedure by the power of traditional beliefs, bwt the force 
of facts and reasoning at length proved too strong for these beliefs, 
and it was demonstrated that the prevailing notion concerning the 
recent origin of the world was not true. Overwhelming evidence was 
found that the universe did not come into existence in the condition 
in which we now see it, nor in any thing like that condition, but that 
the present order of things is the outcome of a vast series of changes 
running back to an indefinite and incaleulable antiquity. It was 
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proved that the present forms and distributions of mountains, valleys, 
continents, and oceans, are but the final terms of a stupendous course 
of transformations to which the crust of the earth has been subjected. 
It was also established that life has stretched back for untold millions 
of years; that multitudes of its forms arose and perished in a deter- 
minate succession, while the last appearing are highest in grade, as if 
by some principle of order and progression. 

It is obvious that oue of the great epochs of thought had now been 
reached ; for the point of view from which natural things are to be 
regarded was fundamentally and forever altered. But, as it is im- 
possible to escape at once and completely from the dominion of old 
ideas, the full import of the position was far from being recognized, 
and different classes of the thinking world were naturally very ditfer- 
ently affected by the new discoveries. To the mass of people who in- 
herit their opinions and rarely inquire into the grounds upon which 
they rest, the changed view was of no moment; nor had the geologi- 
cal revelations much interest to the literary classes beyond that of 
bare curiosity about strange and remote speculations. To the theolo- 
gians, however, the step that had been taken was of grave concern. 
They were the proprietors of the old view; they claimed for it super- 
natural authority, and strenuously maintained that its subversion 
would be the subversion of religion itself. They maintained, more- 
over, that the controversy involved the very existence of God. The 
most familiar conception of the Deity was that of a Creator, and erea- 
tion was held to mean the grand six-day drama of calling the universe 
into existence ; while this transcendent display of power had always 
been devoutly held as alike the exemplification and the proof of the 
Divine attributes. How deep and tenacious was the old error is 
shown by the fact that, although it has been completely exploded, 
although the immeasurable antiquity of the earth and the progressive 
order of its life have been demonstrated and admitted by all intelli- 
gent people, yet the pulpit still clings to the old conceptions, and the 
traditional view is that which generally prevails among the multitude. 

To men of science the new position was, of course, in the highest 
degree, important. It was stated by Prof. Sedgwick, in an anniver- 
sary address to the Geological Society of London, in 1831, as follows: 
“We have a series of proofs the most emphatic and convincing that 
the approach to the present system of things has been gradual, and 
that there has been a progressive development of organic structure 
subservient to the purposes of life.” The traditional explanation of 
the origin of the world, and all that belongs to it, being thus discred- 
ited, it only remained to seek another explanation: if it has not been 
done one way, how has it been done? was the inevitable question. 
One might suppose that the effect of the utter break-down of the old 
hypothesis wonld have been to relegate the whole question to the 
sphere of science, but this was far from being done. The preternatu- 
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ral solution had failed, but its only logical alternative, a natural solu. 
tion, or the thorough investigation of the subject on principles of 
causation, was not adopted or urged. The geologists occupied them- 
selves in extending observations and accumulating facts rather than 
in working out any comprehensive scientific or philosophical principles 
from the new point of view. The result was a kind of tacit com- 
promise between the contending parties—the theologians conceding 
the vast antiquity of the earth, and the geologists conceding preter- 
natural intervention in the regular on-working of the scheme; so that, 
in place of one mighty miracle of ereation oceurring a few thousand 
years ago, there was substituted the idea of hundreds of thousands 
of separate miracles of special creation scattered all along the geo- 
logical ages, to account for the phenomena of terrestrial life. Two 
systems of agencies—natural and supernatural—were thus invoked to 
explain the production of effects, What it now concerns us to note is, 
that the subject had not yet been brought into the domain of science. 
One portion of it was still held to be above Nature, and therefore in- 
accessible to rational inquiry; while that part of the problem which 
was withheld from science was really the key to the whole situation. 
Under the new view, the question of the origin of living forms, or of 
the action of natural agencies in their production, was as completely 
barred to seience as it had formerly been under the literal Mosaic 
interpretation; and, as questions of origin were thus virtually inter- 
dicted, the old traditional opinions regarding the genesis of the pres- 
ent constitution of things remained in full foree. 

It is in relation to this great crisis in the course of advancing 
thought that Herbert Spencers to be regarded. Like many others, he 
assumed, at the outset, that the study of the whole phenomenal sphere 
of Nature belongs to seience; but he may claim the honor of being the 
first to discern the full significance of the new intellectual position. 
It had been proved that a vast course of orderly changes in the past 
has led up to the present, and is leading on to the future: Mr. Spencer 
saw that it was of transcendent moment that the laws of these ehanges 
be determined. If natural agencies have been at work in vast peri- 
ods of time to bring about the present condition of things, he pereeived 
that a new set of problems of immense range and importance is open 
to inquiry, the effeet of which must be to work an extensive revolution 
of ideas. It was apparent to him that the hitherto forbidden question 
as to how things have originated had at length come to be the supreme 
question. When the conception that the present order had been ealled 
into being at once and in all its completeness was found to be no lon- 
ger defensible, it was claimed that it makes no difference how it origi- 
nated—that the existing system is the same whatever may have been 
its source. Mr. Spencer saw, on the contrary, that the question how 
things have been caused is fundamental; and that we ean have no 
real understanding of what they are, without first knowing how they 
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came to be what they are. Starting from the point of view made 
probable by the astronomers, and demonstrated by the geologists, 
that, in the mighty past, Nature has conformed to one system of 
laws; and assuming that the existing order, at any time, is to be re- 
garded as growing ont of a preéxisting order, Mr. Spencer saw that 
nothing remained for science but to consider all the contents of Na- 
ture from the same point of view. It was, therefore, apparent that 
life, mind, man, science, art, langnage, morality, society, government, 
and institutions, are things that have undergone a gradual and contin- 
uous unfolding, and can be explained in no other way than by a theory 
of growth and derivation, It is not claimed that Mr. Spencer was the 
first to adopt this mode of inquiry in relation to special subjects, but 
that he was the first to grasp it as a general method, the first to sce 
that it must give us a new view of human nature, a new science of 
mind, a new theory of society—all as parts of one coherert body of 
thought, and that he was, moreover, the first to work out a compre- 
hensive philosophical system from this point of inquiry, or on the 
basis of the principle of Evolution, In a word, I maintain Spencer’s 
position as a thinker to be this: taking a view of Nature that was not 
only generally diseredited, but was virtually foreclosed to research, he 
has done more than any other man to make it the starting-point of a 
new era of knowledge. 

For the proof of this I now appeal to his works. Let us trace the 
rise and development of the conception of Evolution in his own mind, 
observe how he was led to it, and how he pursued it, and see how 
completely it pervades and unifies his entire intellectual career, Wa- 
rious explanatory details that follow, I have obtained from conversa- 
tions with Mr. Spencer himself; but the essential facts of the state- 
ment are derived from his works, and may be easily verified by any 
who choose to take the trouble of doing so. 

Mr. Spencer is not a scholar in the current acceptation of the 
term; that is, he has not mastered the enrriculum of any university. 
Unbiassed by the traditions of culture, his early studies were in the 
sciences. Born in a sphere of life which made a vocation necessary, 
he was educated as a civil-engincer, and np to 1842, when he was 
twenty-two years of age, he had written nothing but profescianal pa- 
pers published in the Gteal Engineer and Architects’ Journal, But 
he had always been keenly interested in political and social questions, 
which he had almost daily heard disenssed by his father and nneles. 
In the summer of 1842 he began to contribute a series of letters to 2 
weekly newspaper, the Nonconformist, under the title of “The 
Proper Sphere of Government.” It was the main object of these let- 
ters to show that the functions of government should be limited to 
the protection of life, property, and social order, leaving all other 
social ends to be achieved by individual activities. But, beyond this 
main conception, it was implied throughout that there are such things 
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as laws of social development, natural processes of rectification in go- 
cicty, and an adaptation of man to the conditions of sovial life. The 
scientific poimt of view was thus early assumed, and society was re- 
garded not as a manufacture but as a growth, These letters were 
revised and published in a pamphlet in 1843, 

The argument, however, was unsatisfactory from its want of depth 
and scientific precision, and Mr. Spencer decided in 1846 to write a 
work in which the leading doctrine of his pamphlet should be affiliated 
upon general moral principles. By reading various books upon moral 
philosophy he had become dissatisfied with the basis of morality which 
they adopt; and it became clear to him that the question of the proper 
sphere of government could be dealt with only by tracing ethical prin- 
ciples to their roots. The plan of this work was formed while My. 
Spencer was still a civil-engineer; and it was commenced in 1848, be- 
fore he abandoned engineering and accepted the position of sub-editor 
of the Leonomist. It was issued, under the title of “Social Statics,” 
at the close of 1850. In this work various developments of the ideas 
contained in the pamphlet above named are noticeable. It will be 
seen that the conception that there is an adaptation going on between 
human nature and the social state has become dominant. There is the 
idea that all social evils result from the want of this adaptation, and 
are in process of disappearance as the adaptation progresses. There 
is the notion that all morality consists in conformity to such principles 
of conduct as allow of the life of each individual being fulfilled, to the 
uttermost, consistently with the fulfillment of the lives of other individ- 
uals; and that the vital activities of the social human being are gradu- 
ally being moulded into such form that they may be realized to the 
uttermost without mutual hindrance. Social progress is in fact viewed 
as a natural evolution, in which human beings are moulded into fitness 
for the social state, aud society adjusted into fitness for the natures 
of men—the units and the aggregate perpetually acting and reacting, 
until equilibrium is reached. There is recognized not only the process , 
of continual direct adaptation of men to their cireumstances by the in- 
herited modifications of habit, but there is also recognized the process 
of the dying out of the unfit and the survival of the fit. And these 
changes are regarded as parts of a process of general evolution, tacitly 
affirmed as running through all animate Nature, tending ever to pro- 
duce a more complete and self-sufticing individuality, and ending in 
the highest type of man as the most complete individual. 

After finishing “Social Statics” Mr. Spencer’s thoughts were more 
strongly attracted in the directions of biology and psychology—sciences 
which he saw were most intimately related with the progress of social 
questions ; and one result reached at this time was significant. As he 
states in the essay on the “ Laws of Organic Form,” published in 1859 
in the Medico-Chirurgical Review, it was in the autumn of 1851, during 
a country ramble with Mr. George Henry Lewes, that the germinal 
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idea of that essay was reached. This idea, that the forms of organisins, 
in respect of the different kinds of their symmetry and asymmetry, are 
caused by their different relations to surrounding incident forces, im- 
plies a general recognition of the doctrine of Evolution, a further ex- 
tension of the doctrine of adaptation, and a foreshadowing of the theory 
of life as a correspondence between inner and outer actions. 

In 1852 Mr. Spencer published in the Westminster Review the 
“Theory of Population deduced from the General Law of Animal 
Fertility,” setting forth an important principle which he says that he 
had entertained as far back as 1847. Here also the general belief in 
Evolution was tacitly expressed ; the theory being that, in proportion 
as the power of maintaining individual life is small, the power of mul- 
tiplication is great; that along with inereased evolution of the indi- 
vidual there goes decreased power of reproduction ; that the one change 
is the cause of the other; that in man as in all other creatures the ad- 
vance toward a higher type will be accompanied by a decrease of fer- 
tility ; and that there will be eventually reached an approximate equi- 
librium between the rate of mortality and the rate of multiplication. 
Toward the close of this argument there is a clear recognition of the 
important fact that excessive multiplication and the consequent strug- 
gle for existence canse this advance to a higher type. It is there 
argued that “ only those who do advance under it eventually survive,” 
and that these “must be the sedect of their generation.” That which, 
as he subsequently stated in the “Principles of Biology,” Mr. Spencer 
failed to recognize at this time (1852) was the effect of these influences 
in producing the diversities of living forms; that is, he did not then 
perceive the codperation of these actions of the struggle for existence 
and the survival of the fittest with the tendency to variation which 
organisms exhibit. Jle saw only the power of these processes to pro- 
duce a higher form of the same type, and did not recognize how they 
may give rise to divergencies and consequent differentiations of species, 
and eventually of genera, orders, and classes. 

Early in 1852, Mr. Spencer also printed a brief essay in the Leader, 
on “The Development Hypothesis,” in which some of the now cur- 
rent reasons for believing in the gradual evolution of all organisms, in- 
eluding man, are indicated. To this paper Mr. Darwin refers in the 
introductory sketch of the previons course of research on the subject 
of development, which he prefixed to the “ Origin of Species.” In 
this essay, however, direct adaptation to the conditions cf existence is 
the only process recognized. 

In October of the same year (1852), Mr. Spencer published an 
essay in the Westminster Review, on the “Philosophy of Style,” in 
which, though the subject appears so remote, there are traceable some 
of the cardinal ideas now indicated, and others that were afterward 
developed, The subject was treated from a dynamical point of view, 
and, as Mr. Lewes remarks in his essays on the “ Principles of Success 
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in Literature,” it offers the only scientific exposition of the problem 
of style that we have. The general theory set forth is, that effective- 
ness of style depends on a choice of words and forms of sentence offer- 
ing the least resistance to thought in the mind of the reader or hearer 
—a foreshadowing of the general law of the “line of least resistance ” 
as applied to the interpretation of psychological phenomena, as well 
as phenomena in general. Moreover, at the close of the essay, there 
is a reference to the law of Evolution in its application to speech— 
there is a recognition of the fact that “increasing heterogencity ” has 
been the characteristic of advance in this as in other things, and that 
a highly-evolved style will “answer to the description of all highly- 
organized products, both of man and of Naturé; it will be, not a series 
of like parts simply placed in juxtaposition, but one whole made up 
of unlike parts that are mutually dependent.” Here, as early as 1852, 
there are recognized in one of the highest spheres both the process of 
differentiation and the process of integration—the two radical concep- 
tions of Evolution, 

In July of the next year (1853), Mr. Spencer’s continued interest 
in the question of the functions of the state led him to write the essay 
on “ Over-Legislation” in the Westminster Review ; and here, as in 
“ Social Statics,’ the conception of society as a growth, under the 
operation of natural laws, is predominant. 

The critical perusal of Mr. Spencer’s works shows that this was a 
very important period in the development of his views. The reading 
of Mr. Mill’s “ Logic,” along with some other philosophical works, had 
led him to the elaboration of certain opinions at variance with those 
of Mr. Mill on the question of onr ultimate beliefs, and those he pub- 
lished in the Westminster Review, under the title of “The Universal 
Postulate” (1853), The inquiries thus commenced, together with 
those respecting the nature of the moral feelings, and those concerning 
life and development, bodily and mental, into which he had been led, 
both by “Social Statics” and the “Theory of Population,” prepared 
the way for the “Principles of Psychology.” Some of the funda- 
mental conceptions contained in this remarkable work now began to 
take shape in his mind. Other ideas connected with the subject began 
also to form in his mind, an example of which is furnished by the 
essay on “Manners and Fashion,” published in the Westminstcr Le- 
view (April, 1854). Various traits of the general doctrine of Evolu- 
tion are here clearly marked out in their relations to social progress, 
It is shown that the various forms of restraint exercised over men in 
society—political, ecclesiastical, and ceremonial—are all divergent 
unfoldings of one original form, and that the development of social 
structure, in these as in other directions, takes place by gradual and 
continuons differentiations, “in conformity with the laws of Evolution 
of all organized bodies.” 

Mr. Spencer was at the same time engaged in working out his 
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yiew in a different sphere, the essay on the “ Genesis of Science” 
being contributed to the British Quarterly Review in July, 1854. 
This was primarily called forth by Miss Martineau’s “ Abridgment of 
Conte,” then just issued, and was in part devoted to the refutation of 
the French philosopher’s views respecting the classification of the 
sciences, But it became the occasion fora further development of the 
doctrine of Evolution in its relation to intellectual progress. The 
whole genesis of science is there traced out historically under the as- 
pect of a body of truths, which, while they became differentiated into 
different sciences, became at the same time more and more integrated, 
or mutually dependent, so as eventually to form “an organism of the 
sciences.” There is, besides, a recognition of the gradual increase in 
definiteness that accompanies this increase in heterogeneity and in co- 
herence. 

It was at this time that Mr. Spencer’s views on psychology began 
to assume the character of a system—the conception of intellectual 
progress now reached being combined with the ideas of life previously 
arrived at, in the development of a psychological theory. ‘The essay 
on the “Art of Education,’? published in the North British Review 
(May, 1854), assisted in the further development of these ideas. In 
that essay the conception of the progress of the mind during educa- 
tion is treated in harmony with the conception of mental Evolution 
at large. Methods are considered in relation to the law of develop- 
ment of the faculties, as it takes place naturally. Education is re- 
garded as rightly carried on only when it aids the process of self-de- 
velopment ; and it is urged that the course in all cases followed should 
be from the simple to the complex, from the indefinite to the definite, 
from the concrete to the abstract, and from the empirical to the ra- 
tional, 

Having reached this stage in the unfolding of his ideas, Mr, Spencer 
began the writing of the “Principles of Psychology” in August, 
1854. This is a work of great originality, and is important as mark- 
ing the advance of Mr. Spencer’s philosophical views at the time of its 
preparation, The whole subject of mind is dealt with from the Evo- 
lution point of view. The idea which runs throngh “Social Statics,” 
that there is ever going on an adaptation between living beings and 
their circumstances, now took on a profounder significance. The rea- 
tion between the organism and its environing conditions was found to 
be involved in the very nature of life; and the idea of adaptation 
was developed into the conception that life itself “is the definite com- 
bination of heterogeneous changes, both simultaneous and successive 
in correspondence with external coexistences and sequences.” It is 
argued that the degree of life varies with the degree of correspond- 
ence, and that all mental phenomena ought to be interpreted in terms 


' Republished in his little work on “ Education,” under the title of ‘ Intellectual Edu- 
cation.” 
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of this correspondence. Commencing with the lowest types of life, 
Mr. Spencer, in suecessive chapters, traces up this relation of eorre- 
spondence as extending in space and time, as increasing in specialty, 
in generality, and in complexity. It isalso shown that the eorrespond- 
ence progresses from a more homogencous to a more heterogeneous 
form, and that it becomes gradually more integrated—the terms here 
employed, in respect to the Evolution of mind, being the terms subse- 
quently used in treating of Evolution in general. In the fourth part 
of the work, under the title of “Special Synthesis,” the Evolution is 
traced out under its concrete form from reflex action up through in- 
stinet, memory, reason, feelings, aud the will. My. Spencer here dis- 
tinctly avowed his belief that “ Life, in its multitudinons and infinitely 
yaried embodiments, has arisen out of the lowest and simplest begin- 
nings, by steps as gradual as those which evolve a homogeneous mi- 
croscopic germ into a complex organism ”—dissent being, at the same 
time, expressed from that version of the doctrine put forth by the 
author of the “ Vestiges of the Natural History of Creation.” It was, 
moreover, shown by subjective analysis how intelligence may be re- 
solved, step by step, from its most complex into its simplest elements ; 
and it was also proved that there is “unity of composition” through- 
out, and that thus mental structure, contemplated internally, harmon- 
izes with the doctrine of Evolution. 

It was at this time (1854), as ] have been informed by Mr. Spencer, 
when he had been at work upon the “ Principles of Psychology ” not 
more than two months, that the general conception of Evolution in 
its causes and extent, as well as its processes, was arrived at. He had 
somewhat earlier conceived of it as universally a transformation from 
the homogeneous into the heterogeneons. This kind of change which 
Von Baer had shown to take place in every individual organism, as it 
develops, Mr, Spencer had already traced out as taking place in the 
progress of social arrangements, in the development of the sciences, 
and now in the Evolution of mind in general from the lower forms to 
the higher. And the generalization soon extended itself so as to em- 
brace the transformations undergone by all things inanimate as well 
as animate. This universal extension of the idea led rapidly to the 
conception of a universal cause necessitating it. In the autumn of 
1854, Mr. Spencer proposed to the editor of the Westminster Review 
to write an article upon the subject under the title of “The Cause of 
all Progress,” which was objected to as being too assuming. The 
article was, however, at that time agreed upon, with the understand- 
ing that it should be written as soon as the “Principles of Psychology ” 
was finished. The agreement was doomed to be defeated, however, 
so far as the date was concerned, for, along with the completion of the 
“ Psychology,” in July, 1855, there came a nervous break-down, which 
incapacitated Mr. Spencer for labor during a period of eighteen months 
—the whole work having been written in less than a year. 


SPENCER AND EVOLUTION, 31 


We may here note Mr. Spencer’s advanced position in dealing 
with this subject. While yet the notion of Evolution as a process of 
Nature was as vague and speculative as it had been in the time of 
Anaximander and Democritus, he had grasped the problem in its uni- 
yersality and its causes, and had successfully applied it to one of the 
most diffieult and important of the sciences. He had traced the 
operation of the law in the sphere of mind, and placed that study 
upon a new basis. The conviction is now entertained by many that 
the “Principles of Psychology,” by Spencer, in 1855, is one of the 
most original and masterly seientifie treatises of the present century, 
if, indeed, it be not the most frnitful contribution to scientific thought 
that has appeared since the Principia” of Newton.’ For thousands 
of years, from Plato to Namilton, the world’s ablest thinkers had been 
engaged in the effort to elucidate the phenomena of mind; Herbert 
Speneer took up the question by a method first rendered possible by 
modern science, and made a new epoch in its progress. From this 
time forward, mental philosophy, so called, could not confine itself to 
introspection of the adult human consciousness. The philosophy of 
mind must deal with the whole range of psychical phenomena, must 
deal with them as manifestations of organic life, must deal with them 
genctically, and show how mind is constituted in connection with the 
experience of the past. In short, as it now begins to be widely recog- 
nized, Mr. Spencer has placed the science of mind firmly upon the 
ground of Evolution, Like all productions that are at the same time 
new and profound, and go athwart the course of long tradition, there 
were but few that appreciated his book, a single small edition more 
than sufficing to meet the wants of the public for a dozen years, But 
it began at once to. tell upon advanced thinkers, and its influence was 
soon widely discerned in the best literature of the subject. The man 
who stood, perhaps, highest in England as a psychologist, My. John 
Stuart Mill, remarked in one of his books, that it is one of the finest 
examples we possess of the psychological method in its full power;” 
and, as Iam aware, after carefully rereading it some years later, he 
declared that his already high opinion of the work had been raised 

‘This association of the name of Spencer with Newton, let it be remembered, does 
not rest upon the authority of the present writer; recent discussions of the subject in 
the highest quarters are full of it. The Saturday Review says, “Since Newton there has 
not in England been a philosopher of more remarkable speculative and systematizing 
talent than (spite of some errors and some narrowness) Mr, Herbert Spencer.” An able 
writer in the Quarterly Review, in treating of Mr. Spencer’s remarkable power of binding 

- together different and distant subjects of thought by the principle of Evolution, remarks: 
“The two deepest scientifie principles now known of alt those relating to material things 
are the Law of Gravitation and the Law of Evolution.” The eminent Professor of Logie 
in Owens College, Manchester, Mr, W. Stanley Jevons, in his recent treatise entitled 
“The Principles of Science, a Treatise on Logie and Scientific Method,” says, “1 question 
whether any scientific works which have appeared, since the ‘Principia’ of Newton, are 
comparable in importance with those of Darwin and Spencer, revolutionizing as they do 
all our views of the origin of bodily, mental, moral, and social phenomena.” 
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still more—which he recognized as due to the progress of lis own 
mind, 

The article “Progress, its Law and Cause,” projected, as we have 
seen, in 1854, was written early in 1857. In the first half of it the 
transformation of the homogeneous into the heterogeneous is traced 
throughout all orders of phenomena; in the second half the principle 
of transformation is deduced from the law of the multiplication of 
effects. In this essay, moreover, there is indieated the application of 
the general law of Evolution to the production of species, It is 
shown that there “would not be a substitution of a thousand more or 
less modified species for the thousand original species; but, in place 
of the thousand modified species, there would arise several thousand 
species, or varieties, or changed forms; ” and that “each original race 
of organisms would become the root from which diverged several 
races differing more or less from it and from each other.” It is further 
argued that the new relations in which animals would be placed tow- 
ard one another would initiate further differences of habit and con- 
sequent modifications, and that “there must arise, not simply a ten- 
dency toward the differentiations of each race of organisms into 
several races, but also a tendency to the occasional production of a 
somewhat higher organism.” The case of the divergent varieties of 
man, some of them higher than others, caused in this same manner, is 
given in illustration. Throughout the argument there is a tacit im- 
plication that, as a consequence of the cause of Kvolution, the produc- 
tion of species will go on, not in ascending linear series, but by per- 
petual divergence and redivergence—branching and again branching, 
The general conception, however, differs from that of Mr. Darwin in 
this—that adaptation and readaptation to continually-changing condi- 
tions is the only process recognized—there is no recognition of “sponta- 
neous variations,” and the natural selection of those that are favorable, 

During the summer of 1857 Mr. Spencer wrote the “Origin and 
Function of Music,’ published in Zraser’s Magazine for October. 
Like nearly all of his other writings, this interesting article is domi- 
nated by the idea of Evolution. The general law of nervo-motor 
action in all animals is shown to furnish an explanation of the tones 
and cadences of emotional speech; and it is pointed out that from 
these music is evolved by simple exaltation of all the distinctive 
traits, and carrying them out into ideal combination. <A further step 
was taken, the same year, in the development of the doctrine of Evo- 
lution, which is indicated in the article entitled “ Transcendental Phys- 
iology.” It was there explained that the multiplication of effects was 
not the only canse of the universal change from homogeneity to 
heterogeneity, but that there was an antecedent principle to be recog- 
nized, viz., the Instability of the Homogeneous. The physiological 
illustrations of the law are mainly dwelt upon, though its other appli- 
cations are indicated. 
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In October of the same year, the essay on “Representative Gov- 
ernment—what is it good for?” appeared in the Westainster Revicw, 
The law of progress is here applied to the interpretation of state func- 
tions, and it is stated that the specialization of offices, “as exhibited 
in the Evolution of living creatures, and as exhibited in the Evo- 
lution of societies,” holds throughout; that “the governmental part 
of the body politic exemplifies this truth equally with its other parts.” 
In January, 1858, the essay on “State Tamperings with Money and 
Banks ” appeared in the same periodical. The general doctrine of the 
limitations of state functions is there reaffirmed, with further illustra- 
tion of the mischiefs that arise from traversing the normal laws of 
life; and it is contended that “the ultimate result of shielding men 
from the effects of folly is to fill the world with fools”—an indirect 
way of asserting the beneficial effeets of the survival of the fittest. 

In April, 1858, Mr. Spencer published an essay on “ Moral Eduea- 
tion,” in the British Quarterly Review, and throughout the argument 
every thing is again regarded from the Evolution point of view. The 
general truth insisted upon is, that the natural rewards and restraints 
of conduet are those which are most appropriate and effectual in modi- 
fying character. The principle contended for is, that the moral edu- 
cation of every child should be regarded as an adaptation of its na- 
ture to the circumstances of life; and that to become adapted to 
these circumstances it must be allowed to come in contact with them; 
must be allowed to suffer the pains and obtain the pleasures which do 
in the order of Nature follow certain kinds of action, There is here, 
in fact, applied to actual life, the general conception of the nature of 
life, previously inculcated in the “Principles of Psychology ”’—a cor- 
respondence between the inner and the outer actions that becomes 
great in proportion as the converse with outer actions through expe- 
rience beeomes extended. 

The essay on the “Nebular [Lypothesis” was published in the 
Westminster Review for July, 1858. The opinion was then almost 
universally held that the nebular hypothesis had been exploded, and 

-the obvious bearing of the question upon the theory of Evolution in- 
duced Mr. Spencer to take it up. The conclusions that had been 
drawn from observations with Lord Rosse’s telescope, that the nebular 
hypothesis had been invalidated, were shown to be erroncous; and the 
position taken, that the nebul could not be (as they were then sup- 
posed to be) remote sidereal systems, has been since verified. Spec- 
trun: analysis has, in fact, proved what Mr. Spencer then maintained, 
that there are many nebulew composed of gaseous matter, To the 
various indications of the nebular origin of our own solar system 
commonly given, others were added which had not been previously 
recognized, while the view that Mr. Spencer took of the constitution 
of the solar atmosphere has since been also verified by spectrum 
analysis. 
VOL. vL.—3 
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In October, 1858, he published in the JJedico-Chirurgical Review 
a criticism on Prof, Owen’s “ Archetype and Homologies of the Ver- 
tebrate Skeleton,” which was written in furtherance of the doctrine 
of Evolution, and to show that the structural peculiarities which are 
not accounted for on the theory of an archetypal vertebra, are ac- 
counted for on the hypothesis of development. In January of the 
next year, there appeared in the same review a paper on “ The Laws 
of Organic Form,” already referred to, the germ of which dated back 
to 1851, and which was a further elucidation of the doctrine of Evo- 
lution, by showing the direct action of incident forces in modifying 
the forms of organisms and their parts. In April, 1859, appeared in 
the British Quarterly Review an article on “ Physical Education,” in 
which the bearing of biological principles upon the management of 
children in respect to their bodily development is considered. It 
insists upon the normal course of unfolding, versus those hindrances to 
it which ordinary school regulations impose; it asserts the worth of 
the bodily appetites and impulses in children, which are commonly so 
much thwarted; and contends that during this earlier portion of life, 
in which the main thing to be done is to grow and develop, our edu- 
cational system is too exacting—‘ it makes the juvenile life far more 
like the adult life than it should be.” The essay “ What Knowledge 
is of most Worth” was printed in the Westminster Review tor July, 
1859. This argument is familiar to the public, as it has been many 
times republished, but what is here most worthy of note is that, in 
criticising the current study of history, it defines with great distinct- 
ness the plan of the “Descriptive Sociology,” the first divisions of 
which are now just published, and form the comprehensive and sys- 
tematic data upon which the Principles of Sociology are to be based. 

An argument on “TIllogical Geology” was contributed in July, 
1859, to the Universal Review, which, although nominally a criticism 
of Hugh Miller, was really an attack upon the prevalent geological 
doctrine which asserted simultaneity in the systems of strata in dif 
ferent parts of the carth. Tlis view, which was at that time heresy, 
is now coming into general recognition, In the Medico -Chirurgical 
Review for January, 1860, Mr. Spencer published a criticism on Prof. 
Bain’s work, “The Emotions and the Will,” designed to show that the 
emotions cannot be properly understood and classified without study- 
ing them from the point of view of Evolution, and tracing them up 
through their increasing complications from lower types of animals to 
higher. The essay on the “Social Organism” appeared at the same 
time in the Westmiuster Review, in which it was maintained that soci- 
ety, consisting of an organized aggregate, follows the same course of 
Evolution with all other organized aggregates—increasing in mass and 
showing a higher integration not only in this respect but also in its 
growing solidarity; becoming more and more heterogeneous in all its 
structures and more and more definite in all its differentiations. The 
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“Physiology of Laughter,” which appeared the same year in Maenil- 
laws Magazine, was a contribution to nervous dynamics from the point 
of view that had been taken in the “ Principles of Psychology.” Even 
in Mr. Spencer’s discussion of “ Parliamentary Reforms, their Dan- 
gers and Safeguards” (Westminster Review, 1860), the question is 
dealt with on scientific grounds ultimately referring to the doctrine of 
Evolution. It was its general purpose to show that the basis of polit- 
ical power can be safely extended only in proportion as political fune- 
tion is more and more restricted. It was maintained in an earlier 
essay that representative government is the best possible for that 
which is the essential office of a government—the maintenanee of 
those social conditions under which every citizen can carry on securely 
and without hindrance the pursuits of life—and that it is the worst 
possible for other purposes. And in continuation of this argument it 
was here contended that further extension of popular power should be 
accompanied by a further restriction of state duty—a further special- 
ization of state function. In the essay on “Prison Ethics,” contrib- 
uted to the British Quarterly Review in July, 1860, a special question 
is very ably dealt with in the light of those biological, psychological, 
and sociological principles which belong to the Evolution philoso- 
phy. The principle of moral Evolution is asserted and the concomi- 
tant unfolding of higher and better modes of dealing with criminals. 


We have now passed in rapid review the intellectual work of Mr. 
Spencer for nearly twenty years, and have shown that, thongh appar- 
ently miscellaneous, it was, in reality, of a highly methodical charac- 
ter. Though treating of many subjects, he was steadily engaged with 
an extensive problem which was resolved, step by step, through the 
successive discovery of those processes and principles of Nature which 
constitute the general law of Evolution, Beginning in 1842 with the 
vague conception of a social progress, he subjected this idea to sys- 
tematic scientific analysis, gave it gradually 2 more definite and com- 
prehensive form, propounded the principles of heredity and adapta- 
tion in their social applications, recognized the working of the prin- 
ciple of selection in the case of human beings, and affiliated the concep- 
tion of social progress upon the more general principle of Evolution 
governing all animate Nature. Seizing the idea of increasing hetero- 
geneity in organic growth, he gradnally extended it in various direc- 
tions, When the great conception, thus pursued, had grown into a 
clear, coherent, and well-defined doctrine, he took up the subject of 
psychology, and, combining the principle of differentiation with that 
of integration, he placed the interpretation of mental phenomena 
upon the basis of Evolution. We have seen that two years after the 
publication of the “ Psychology,” or in 1857, Mr. Spencer had arrived 
at the law of Evolution as a universal principle of Nature, and worked 
it out both inductively as a process of increasing heterogeneity and 
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deductively from the principles of the instability of the homogencous 
aud the multiplication of effects. Dow far Mr. Spencer was here in 
advance of all other workers in this field will appear, when we con- 
sider that the doctrine of Evolution, as it now stands, was thus, in its 
universality, and in its chief outlines, announeed by him two years be- 
fore the appearance of Mr, Darwin’s “ Origin of Species.” 

A principle of uatural changes more universal than any other 
known, applicable to all orders of phenomena, and so deep as to in- 
yolve the very origin of things, having thus been established, the final 
step remained to be taken, which was, to give it the same ruling place 
in the world of thought and of knowledge that it has in the world of 
fact and of Nature. A principle running through all spheres of phe- 
nomena must have the highest value for determining scientific rela- 
tions; and a genetic law of natural things must necessarily form the 
deepest root of the philosophy of natural things. It was in 1858, as 
Mr. Spencer informs me, while writing the article on the “ Nebular 
Hypothesis,” that the doctrine of Evolution presented itself as the 
basis of a general system under which all orders of concrete phenom- 
ena should be generalized, Already the conception had been traced 
out in its applications to astronomy, geology, biology, psychology, as 
well as all the various super-organic¢ products of social activity ; and 
it began to appear both possible and necessary that all these various 
conercte sciences should be dealt with in detail from the Evolution 
point of view. By such treatment, and by that only, did it appear 
practicable to briug them into relation so as to form a coherent body 
of scientific truth—a System of Philosophy. 

It is proper in this place to state that, in contemplating the execu- 
tion of so comprehensive a work, the first difficulty that arose was a 
pecuniary one. Mr. Spencer had frittered away the greater part of 
what little he possessed in writing and publishing books that did not 
pay their expenses, and a period of eighteen months of ill-health and 
enforced idleness consequent on the writing of one of them had fur- 
ther diminished his resources. His state of health was still sueh that 
he could work, at the outside, but three hours a day, and very fre- 
queutly not even that, so that what little he could do in the shape of 
writing for periodicals, even though tolerably paid for it, did not suf- 
fice to meet the expenses of a very economical bachelor-life. How, 
then, could he reasonably hope to prosecute a scheme elaborating the 
doctrine of Evolution throughout all its departments in the way con- 
templated—a scheme that would invelve an enormous amount of 
thought, labor, and inquiry, and which seemed very unlikely to bring 
any pecuniary return, even if it paid its expenses? Unable to see 
any solution of the difficulty, Mr. Spencer wrote, in July, 1858, to 
Mr. John Stuart Mill, explaining his project, and asking whether he 
thought that in the administration for India, in which Mr, Mill held 
office, there was likely to be any post, rather of trust than of much 
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work, which would leave him leisure enough for the execution of his 
scheme. Mr. Mill replied sympathetically, but nothing turned out to 
be available. Jn despair of any other possibility, Mr. Spencer after- 
ward extended his application to the Government; being reénforeced 
by the influenee of various leading scieutifie men, who expressed 
themselves strongly respecting the importance of giving him the op- 
portunity he wished. A peculiar difficulty, however, here arose. Mr, 
Speneer is a very impracticable man—that is, he undertakes to cou- 
form his conduct to right principles, and his decided views as to the 
proper functions of government put an interdict upon the far greater 
number of posts that might otherwise be fit, Among the few that he 
could acecpt, the greater part were not available because they did 
not offer the requisite leisure. One position became vacant which he 
might have accepted, that of Inspector of Prisons, I think; but, though 
effort in his behalf was made by Lord Stanley (now Lord Derby, who 
was familiar with Mr. Spencer’s works and entertained the matter 
with interest), the claims of party were too strong, and no arrange- 
ment was made, 

Other plans failing, Mr. Spencer decided to adopt the plan of sub- 
scription, and issue his “System of Philosophy ” in a serial form, A 
prospectus of that system was issued in March, 1860, which outlined 
the contents of the successive parts. The first installment of the work 
was issued in October, 1860, and the commencing volume, “ First Prin- 
ciples,” was published in June, 1862. 

In this work the general doctrine of Evolution is presented. in a 
greatly developed form; and the author’s former views are not only 
eombined but extended. The law of Von Baer, which formulates or- 
ganic development as a transformation of the homogeneous into the 
heterogeneous, Mr. Spencer had previously shown to hold of all ag- 
gregates whatever—of the universe as a whole and of all its compo- 
nent parts. But, in “ First Principles,” it was shown that this uni- 
versal transformation is a ehange from tndefinite homogeneity to 
definite heterogeneity ; and it is pointed out that only when the in- 
ereasing multiformity is joined with increasing definiteness, does it 
constitute Evolution as distinguished from other changes that are 
like it in respect of inereasing heterogeneity. This is, however, a 
much more important development of the principle. This change 
from the indefinite to the definite is shown to be the aceompanimeut 
of a more essential change from the incoherent to the coherent. 
Throughout all aggregates of all orders it is proved that there goes 
on a process of ¢ntegration. This process is shown to hold alike in 
the growth and consolidation of each aggregate as well as in the 
growth and consolidation of its differentiated parts. The law of the 
instability of the homogeneous is also more elaborately traced out. 
Under the head of the principle of segregation it is, moreover, shown 
that the universal process by which, ia aggregates of mixed units, the 


38 THE POPULEAK SCIENCE MONTHLY. 


wnits of like kinds tend to gather together, and the units of unlike 
kinds to separate, everywhere coSperates in aiding Evolution. Yet a 
further universal law is recognized and devcloped—the law of eqnih- 
bration. ‘The question is asked, “ Can these changes which constitute 
Evolution continue without limit?” and the answer given is that they 
cannot; but that they universally tend in each aggregate toward a 
final state of quiescence, in which all the forces at work have reached 
a state of balance. Like the other universal processes, that of equili- 
bration is traced ont in all divisions of phenomena, But the most 
important development given to the doetrine of Evolution in this vol- 
ume was its affiliation upon the nitimate principle underlying all sei- 
enee—the persistence of force. It was shown that from this ultimate 
law there result certain nniversal derivative laws, which are dealt 
with m chapters on “The Correlation and Equivalence of Forces,” 
“The Direction of Motion,” and “The Rhythm of Motion,” and it 
was demonstrated that these derivative laws hold throughout all 
changes from the astronomical to the psychical and social. It is then 
shown that “the Instability of the Homogeneous,” “The Maultiplica- 
tion of Effects,” “ Segregation” and “ Egnilibration,’ are also dedu- 
cible from this ultimate principle of the persistence of force. So that 
Evolution, having been first established inductively as universal, is 
further shown to be universal by establishing it deductiyely as a re- 
sult of the deepest of all knowable truths. 

The first edition of “ First Principles” was published, but another 
important step in elucidating the philosophy of Evolution required to 
be taken. In dealing with the classification of the sciences, from the 
point of view to whieh his philosophy has bronght him, Mr. Spencer 
had oceasion to seek for that aspect of all physical phenomena which 
forms the most general division of physical science. De found that 
what he sought must be some general fact respecting the redistribu- 
tion of matter and motion. The law was soon arrived at that inte- 
eration of matter results from decrease of the contained motion, while 
disintegration of matter results from increase of the contained motion. 
It is at once manifest that the law thus reached was deeper than the 
principle of Evolution, for it is conformed to by mineral bodies which 
do uot exhibit the phenomena of Evolution as Mr. Spencer had inter- 
preted them, In short, it became clear that a law had been reached 
holding of all material things whatever, whether they are those which 
do, or those which do not, increase in heterogeneity. It was now first 
possible to jndge of the relative value and importance of the several 
factors of the evolutionary process. In Von Baer’s conception of or- 
ganic development, it is made to cousist essentially and solely in the 
change of increasing heterogeneity in the evolving body. But Mr. 
Spencer had shown that Evolution is a double proeess—a tendency to 
unity as well as to diversity, an integration as well as a diffvrentia- 
tion. It was now found that the process of éztegration, as it applies 


SPENCER AND EVOLUTION, 39 


to all things, whether evolving or uot, is a deeper principle, and is, in 
fact, the primary process in Evolution, while the inerease of hetero- 
geneity is the secondary process. At the same time, this new view 
of the matter made it obvious that Dissolution is everywhere the cor- 
relative of Evolution, and that, before the generalization is complete, 
Dissolution must be recognized as universally tending to undo what 
Evolution does, 

In a new edition of “First Principles,” this idea was embodied, 
and the work reeast in conformity with it. The doctrine of Evolu- 
tion thus attained a higher development, The fundamental antago- 
nism between Evolution and Dissolution comes into the foregronnd as 
the cardinal conceptions It is shown that every aggregate, simple or 
compound, is, from the beginning to the end of its existence, subject 
to these opposing processes of change; that, according as its quantity 
of contained motion is becoming greater or less, it is tending to inte- 
grate or disintegrate—evolve or dissolve; that from moment to mo- 
ment throughout its whole existence it is simultaneously exposed to 
both these processes, and that the average transformation it is under- 
going expresses the predominance of the one process over the other. 
This being the universal law to which all material things at all times 
are subject, there come to be recognized certain derivative laws that 
are not universal, although highly general, Evolution is distinguished 
into simple and compound: simple Evolution being that in whieh the 
character of the matter and the rate of its integration are such that 
this primary process of change from a diffused state to a concentrated 
state is uncomplicated by secondary changes—compound Evolution 
being that in which, along with the general integrations, there go on 
more or less marked differentiations and loeal integrations. Thus 
the changes which were originally conceived to constitute Evolution 
itself came to be recognized as in order of time and importance sub- 
ordinate; integration may go on without differentiation, as in crystals ; 
but differentiation is made possible only by antecedent integration. 

The doctrine of Evolution as a theory of the genesis and dissolution 
of things in the onward course of Nature was elaborately presented in 
“First Principles,” and might have been there left to take its place 
and its chance among philosophical theories. But it had not been ex- 
ploited by Mr. Speneer in the way of mental gymnastics, as a piece 
of novel and ingenious speculation, He believed it to embody a living 
and applicable principle of the greatest moment. If the law of Evolu- 
tion be true, it is a truth of transcendent import, no less in the sphere 
of practical life than in the world of thought, and it was important 
that it should be carried out in the various fields of its application. 
Moreover, Mr, Spencer had been drawn to the investigation by his 
interest in the study of human affairs, and his task was but fairly be- 
gun with the establishment of the principle by which they are to be 
interpreted. In the strict logical order the next step would have been 
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to trace the operation of the law in the inorganic or preorganic world, 
but the vastness of the subject forbade this, and Mr. Spencer found it 
necessary to enter at once upon the organic division of his scheme. In 
the “ Principles of Biology” the subject of life was accordingly com- 
prehensively dealt with from the Evolution point of view. He then 
passed to the phenomena of mind, and reeast and amplified the “ Prin- 
ciples of Psychology ” in accordance with his more matured opinions, 
placing it upon the ampler basis afforded by “First Principles ” and 
the “ Principles of Biology.” These three works, forming five volumes 
of the System of Philosophy, are now published, and they carry him 
half through the undertaking—the “ Principles of Sociology,” in three 
volumes, and the “ Principles of Morality,” in two volumes, remaining 
yet to be written. Mr. Spencer allowed twenty years for the whole 
enterprise ; ill health and unforeseen interruptions have occasioned 
considerable delay, and it was half accomplished in twelve years. 

A further Wustration of the comprehensive and thoroughly sys- 
tematic character of Mr. Spencer’s work is afforded by his preparation 
for the treatment of the subject of Sociology. In dealing with Biology 
and Psychology, the data for reasoning were readily accessible, but 
in entering upon the scientific study of so vast and varied a subject as 
hnman society a most formidable difficulty appeared at the threshold 
of the inquiry, in the absence of facts to form the basis of sociological 
reasoning, So delicient and scattered and contradictory were such 
data that the possibility of any valid social science has been generally 
regarded with distrust, or unhesitatingly denied. But the phenomena 
of society are not chactic; they coexist and sueceed each other in an 
orderly way. The natural laws of the social state are undoubtedly 
determimable, but such determination is primarily a question of the 
collection of materials suitable for broad and safe inductions. Mr. 
Spencer foresaw this several years ago, and began the collection and 
methodical arrangement of all those numerous classes of facts pertain- 
ing to the various forms and states of society which are needed to 
work out the “Principles of Sociology.” This alone was an immense 
undertaking, The races of mankind were divided into three groups, 
illustrating existing civilizations, extinct or decayed civilizations, and 
the savage state. Three corresponding series of works were projected, 
a tabular method for the classification and arrangement of facts was 
devised, and three gentlemen were employed to carry out the work of 
collection and digestion of materials under Mr. Spencer’s supervision, 
The first installments of each of these divisions are now completed, and 
published. This important work, which is subsidiary to his main en- 
terprise, is the first of the kind ever attempted, and when finished and 
issued will form a complete Cyclopedia of the multifarious data neces- 
sary for the scientific investigation of social questions. Its continued 
publication will depend upon publie support; but the collection has 
been made by Mr. Spencer for his own use, and it will form the ground- 
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work of the “Principles of Sociology ” npon which he has now entered, 
and the first part of which is issued, 

Let us now recapitulate his labors in the order of their accomplish- 
ment, so as to bring them into one view: 


Letters on the Proper Sphere of Government, . : - : . 1842 
(Occupied several years as a Railroad Engineer.) 

Planned Soeial Staties, : : . . F : . . : 1846 

Social Staties published, - : F . : . : . » 1850 

Theory of Population, 

The Development Hypothesis, F 7 ‘ A 5 : 1852 

Philosophy of Style, 


Over-Legislation, 18353 
The Universal Postulate, : : . ‘ ‘ . . F “oes 


Manners and Fashion, 

The Genesis of Science 2 
aaa? . a 185+ 

The Art of Education, 

Lvolution first conceived as Universat, 


Prineiples of Psychology, e : . ‘ r . “ . » 1865 
(Breakdown of eighteen months.) 


Progress, its Law and Cause, 

Origin and Funetion of Music . 
= y . ji . . 1857 

Transcendental Physiology, 

Representative Government, 


State Tamperings with Money and Banks, 

Moral Edueation, 

The Nebular Hypothesis, . . 1858 
Archetype and Homologies of the Vertebrate Skeleton, 

Evolution first conceived as the Busis of a System of Philosophy, 


The Laws of Organic Form, 

Physical Education, 

What Knowledge is of most Worth, , : A : 1859 
Illogical Geology, 

Prospectus of the System of Philosophy drawn up, 


The Emotions and the Will, 
The Social Organism, 
The Physiology of Laughter, 

Parliamentary Reforms, 

Prison Ethies, 

Prospectus of the Philosophical System published, 


. : . 1860 


First Principles, : : ‘ . . . : s . 1862 

Classification of the Sciences, ‘ i F : é . 5 . 1s6t 

Principles of Biology, er 1867 

Principles of Psyehology, ; ‘ ‘ e ‘ ‘ 7 ‘ . 1872 
Stud So ctoloe 

Deees ene ; . ° : s ; i aS 

Principles of Sociology, Part L, : ; F : F : » Asi 


The facts now presented, I submit, entirely sustain the view with 
which we set out, in regard to the character of Mr. Spencer’s work, 
and his position in the world of thought. It has been shown that he 
took up the idea of Progress while it was only a vague speculation, 
and had uot yet become a subject of serious scientific study. We 
have seen that he verified its reality by gradually tracing its operation 
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step by step, in widely different fields of phenomena; that he analyzed 
its conditions and canses, and at length formulated it as a universal 
principle, to which the course of all things conforms. That view of 
the universe which the science of the world now accepts, it has been 
shown that Mr. Spencer adopted a generation ago, and entered upon 
its elucidation as a systematic life-work. We have traced the course 
of its unfolding, and I appeal to the record of labors here delineated 
as furnishing an cxample of original, continuous, and concentrated 
thinking, which it will be difficult to parallel in the history of intel- 
lectual achievement. In newness of conception, unity of purpose, 
subtlety of analyses, comprehensive grasp, thoroughness of method, 
and sustained force of execution, this series of labors, I believe, may 
challenge comparison with the highest mental work of any age. 

As to the character of the system of thought which Mr. Spencer 
has elaborated, we have shown that it is such as to form an important 
epoch in the advance of knowledge. He took up an idea not yet in- 
vestigated nor entertained by his predecessors or contemporaries, and 
has made it the corner-stone of a philosophy. If, by philosophy, we 
understand the deepest explanation of things that is possible to the 
human mind, the prineiple of genesis or Evolution certainly answers 
preéminently to this character; for what explanation can go deeper 
than that which accounts for the origin, continuance, and disappear- 
ance of the changing objects around us? It is the newest solution 
of the oldest problem; a solution based alike upon the most ex- 
tended knowledge, and upon a reverent recognition that all human 
investigation, however extensive, must have its-inexorable bounds. 
The philosophy of Evolution is truly a philosophy of ereation, car- 
ried as far as the human mind can penetrate. If man is finite, the 
infinite is beyond him; if finite, he is limited, and his knowledge, and 
all the philosophy that rests upon knowledge, must be also limited. 
Philosophy is a system of truth pertaining to the order of Nature, 
and coextensive with it; and, as the various sciences are but the 
knowledge of the different parts of Nature, Mr. Spencer bases phi- 
losophy upon science, and makes it what may be called a science 
of the sciences. Nesting, moreover, upon a universal law, which 
governs the course and changes of all phenomena, this philosophy 
becomes powerful to unify and harmonize the hitherto separate and 
fragmentary systems of trnth; and, as this is the predominant trait 
of Mr. Spencer’s system of thought, he very properly denominates 
it the Synthetic Philosophy. 

In estimating the character of Mr. Spencer’s Philosophical System, 
it is needful to remember that it differs in varions fundamental re- 
spects from any that has before been offered to the world. It is 
more logically complete than any other system, because its truths 
are first derived from facts and phenomena by the method of indue- 
tion, and then systematically verified by deduction from principles 
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already established. It is more practical than any other, beeanse it 
bears immediately upon comnion experience, takes hold of the living 
questions of the time, throws light upon the course of luman aifairs, 
and gives knowledge that may serve both for public and individual 
guidance. Viewed as an intellectual achievement, his undertaking is 
neither to be measured by the time consumed in its execution nor by 
the amount of labor involved, but by the nature and quality of the 
work itself. It was original throughout, was based upon the most 
comprehensive results of modern seience, and was elaborated under 
the inexorable conditions of logical method. The development of a 
system of philosophy now is a very different thing from what it was in 
earlier times, Plato spun a system of thought before speeulation was 
yet curbed by the knowledge of Nature; Spencer has constructed a 
philosophy out of the inflexible materials furnished in all the fields of 
modern investigation, Wis system is not a digest, but an organon; 
not merely an analytie dissection, but a grand synthetic construction ; 
not a science, but a coérdination of the sciences ; not a metaphysical 
elaboration, but a positive body of doctrine conforming to verifiable 
facts, and based upon the most comprehensive principle of Nature yet 
arrived at by the human mind. 

But uo recognition of the greatness of Mr. Spencer’s intelleetnal 
work will do him justice. There is a moral sublimity in his self-sacri- 
ficing earcer which is not to be neglected in making up the estimate 
of his character. As remarked by M. Laugel: “If Mr. Spencer, with 
his talents, his fertility of genius, and the almost encyclopedic variety 
of knowledge, of which his writings furnish the proof, had chosen to 
follow the beaten path, nothing wonld have been more easy than for 
him to secure all those honors of which English Society is so prodigal 
to those who serve her as she wishes to be served. He preferred, 
however, with a noble and touching self-denial, to put up with poverty, 
and, what is still more difficult, with obscurity.” In advance of his 
generation and working against the powerful current of its prejudices, 
with broken health, without pecuniary resources, and depending upon 
promises of support that were but very partially redeemed, with an 
intrepidity that was not wanting in heroism, he entered upon the most 
formidable intellectual project that was ever undertaken by any single 
mind, One would think that it should have commanded the sympathy 
of the generous, and the cordial approval if not the kindly codperation 
of all who appreciate courageous and noble endeavor; but, unhappily, 
a discriminating appreciation of genuine work is not over-abundant in 
these times, and, in the accomplishment of a task which I believe 
future generations will regard as the most memorable achievement of 
this fruitful age, Mr. Spencer has had but stinted encouragement and 
avery shabby support. In answer to the question, why his eontem- 
porarics have been so unappreciative, much might be said, but I will 
here confine myself to one or two suggestions. 
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In the first place, Mr. Speneer’s work has been done under circum- 
stances peculiarly unfavorable to the recognition of his rights as an 
original and independent thinker. Of the twenty-tive articles pre- 
pared in the most active period of his life, and published between 1852 
and 1860, which, as I have shown, are important contributions toward 
the development of the doctrine of Evolution in its various phases, 
most, if not all, appeared anonymously, They were printed in the dif- 
ferent leading reviews, and many of them attracted marked attention 
at the time; bnt their author was unknown, and, of course, lost. the 
advantage of having his ideas aceredited to him. Up to the time 
when he had matured his system of thought, and was ready to enter 
upon its formal publication, he had been giving it out in fragments, 
as its several aspects had taken shape in his own mind. His articles, 
many of which were republished in this country, thus went far toward 
familiarizing the public mind with the general coneeption of Evolu- 
tion, so that he was aetually preparing his readers to discredit his 
subsequent claims to his own views, which, being reproduced and 
further diffused by others, were regarded as belonging to the common 
stock of current ideas. So far did this go, that he was ultimately 
exposed to the imputation of plagiarism for the restatement of opin- 
ions that he had first put forth, but which other men had appropriated 
and sent out as their own. Nor was the case much helped when he 
began to publish his System of Philosophy to subscribers, for so 
limited was its distribution that it might almost have been said that 
it was “printed for private circulation.” Moreover, being the owner 
of his own works, the interests of publishers were not eulisted in their 
diffusion ; while the assaults of the press were so malignant, and their 
representations so false, that for years he was constrained to withhold 
his series from the periodicals. Al] this was favorable to misconeep- 
tion, and left Mr. Spencer much at the mercy of dishonest authorship 
and unscrupulous eriticism. 

Again, it must be recognized that there were difficulties in appre- 
ciating his work which arose from its natwre and extent. While a 
scientific discovery, or a single definite doctrine, is readily apprehend- 
ed beeanse the impression it makes is narrow and sharp, an extensive 
system of principles, which it requires power to grasp and time to 
master, can only be imperfectly reeeived by the general mind. The 
very greatness of Mr, Spencer’s work was thus an impediment to its 
recognition; and this, too, it must be acknowledged, on the part even 
of men of scienee. In the scientifie world, the accumulation of facts 
has outstripped the work of valid generalization. For, while men of 
moderate ability can observe, experiment, and multiply details in 
special departinents, it requires men of breadth to arrange them into 
groups, to eduee principles and arrive at comprehensive laws, The 
great mass of scientific specialists, confined to their departments, and 
little trained to the work of generalization, are apt to regard lightly 
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the logical processes of science, and to decry mere theorizing and spec- 
ulation. They forget that facts of themselves are not science, and 
only vecome so by being placed in true relations, and that the function 
of the thinker is therefore supreme; while the work of organizing 
facts and establishing general truths is, after all, just as much a spe- 
cialty as that of observation or experiment in any branches of inguiry. 
The prevalence of these narrow views has been unfavorable to the 
recognition of Mr. Spencer’s work by a large class of the cultivators 
of science; and the more so, as he has been mainly oceupied in the 
highest spheres of generalization. For this reason it is only by the 
comparatively small number of scientific men, who possess marked 
philosophic power, that his labors have been justly appreciated. 

But, while considerations of this kind are not to be overlooked in 
assigning the responsibilities of criticism, neither are they to be cou- 
strned into excnses for prejudiced opinions, or crude and hasty judg- 
ments. It is the business of critics to inform themselves on inipor- 
tant matters of which they speak, or to hold their peace. And, where 
there is peculiar difiiculty or liability to error, they are all the more 
bonnd to caution, and to refrain from injurious interpretations. Re- 
yerting, now, to the criticisms cited at the outset of this discussion as 
typical of a class, we are prepared to rate them at what they are 
worth. 

From what has been stated, I think it will be sufficiently evident 
that Mr. Spencer is no follower of Comte, Darwin, or any other man, 
and that he has pursued his own independent course in his own way. 
As to M. Taine’s statement that “Mr. Spencer has the merit of ex- 
tending to the phenomena of Nature and of mind” Mr, Darwin’s 
principle of Natural Selection, the facts given show how mistaken 
was his view of the case. Strange to say, M. Taine, who claims to 
be a psychologist, puts forth this idea in a review of My. Spencer’s 
“ Prineiples of Psychology,” a work which treated the subject of mind 
throughout, and for the first time from the point of view of Evolution, 
and this years before Mr. Darwin had published a word upon the 
subject. 

As this error of M. Taine is frequently repeated,’ and indicates a 
gross inisapprehension of the subject, it is desirable to add a word or 
two regarding Mr. Darwin’s relation to the question. While he has 
contributed immensely toward the extension and establishment of a 
theory of organic development, he has never made even an attempt to 
elucidate the law of Evolution as a general principle of Nature. His 
works do not treat of this problem at all, and nothing has tended 


‘ Another example of it has just been furnished by the Saturday Review, which, in 
commenting upon Prof. Tyndall’s late address, remarks: “ What Darwin has done for 
physiology, Spencer would do for psychology by applying to the nervous system partic- 
ularly the principles which his teacher (!) has already enunciated for the physical sys- 
tem generally.” 
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more to the popular confusion of the subject than the notion that 
“Darwinism ” and Evolution are the same thing. Mr. Darwin’s fame 
rests chiefly upon the skill and perseverance with which he has worked 
out 2 single principle in its bearing upon the progressive diversity of 
organic life. The competitions of Nature leading to a strugele for 
existence, and that consequent winnowing which Mr. Darwin calls 
“Natural Selection,” and Mr. Spencer calls “Survival of the Fittest,” 
were recognized before Mr. Darwin’s time: what he did, as I have 
before explained, was to show how this principle may aid in giving 
rise to new species from preéxisting species. But this principle is 
secondary and derivative, and its operation may be traced, as Mr, 
Darwin has traced it, withont going back to those primary forces, 
the resolution of which constitutes the radical problem of Evolution. 

The principle which Mr, Darwin promulgated is a part of the great 
theory, and it has a philosophic importance, exactly in proportion to 
the validity of that larger system of doctrine to which it is tributary 
as anelement. Not only has Mr. Darwin never taken up the question 
of Evolution from a scientifie point of view, but it was not his aim to 
explain even the evolution of species in terms of ultimate principles, 
as a part of the universal transformation—that is, in terms of the re- 
distribution of matter and motion; for it is in this way that all proxi- 
mate principles, inelnding Natural Selection, have to be expressed 
before the final interpretation is reached. This mode of dealing with 
the subject, the only thoroughly scientific method of its treatment, 
belongs to Mr. Spencer alone. As to his following Mr. Darwin, we 
have already seen that, two years before the “Origin of Species” 
was published, Mr. Spencer had reached the proof of Evolution as a 
universal law; had traced its dependence upon the principle of the 
Conservation of Force; had resolved it into its ultimate dynamical 
factors; had worked ont many of its important features; had made 
it the basis of a system of Philosophy; and had shown that it fur- 
nishes a new starting-point for the scientific interpretation of human 
affairs, 

Colonel Tligginson imputes to Mr. Spencer, as 2 weakness, the 
propensity to write on a great number of subjects; I have shown, on 
the contrary, that he has been compelled to write upon many subjects 
from logical necessity, aud has done so in unswerving devotion to the 
development of one class of ideas. It will be seen that he is now upon 
the same identical track of thought which he opened in his youth, to 
which he has consecrated his life, and which he has made his own, 
Thirty-two years ago he began to study the social condition and rela- 
tions of men from the scientifie point of view, and to treat of human 
society as a sphere of natural law. After eight years he published a 
treatise upon the question, which, although in advance of the times, 
only served to convince its author that the investigation was barely 
begun, and that, before any adequate social science was possible, the 
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whole subject required to be more deeply grounded in the knowledge 
of Natnre. Upon that deeper study of Nature he then entered, and, 
after twenty-four years of steady and systematic preparation, the 
problems of Social Statics are resumed in the “ Principles of Sociol- 
ogy.” If so prolonged and inflexible a course of original inquiry, 
yiclding results which are felt in the highest spheres of thought, 
are suggestive of “a weakness,” we should be glad to be furnished 
with the examples which embody Colonel Higginson’s conception of 
strength in mental character, As to the declaration that it seems ab- 
surd to attribute to Mr, Spencer any vast enlargement or further gen- 
eralization of the modern doctrine of Evolution, we leave its author 
to reconcile his opinion with the fact that the System of Psychology, 
which first extended the principle of Evolution to the sphere of mind, 
had been nine years before the world—the conception of universal 
Evolution had been formulated and promulgated four years, and 
“ First Principles” had been for some time published, when this state- 
ment was made. 

Mr. Emerson’s criticism of Spencer is summary and decisive, as 
becomes a man who has gone to the bottom of a subject. Reticent 
and mystical no longer, he plumps out his opinion, when interviewed, 
with all the confidence of one who knows what he is talking about. 
Into the pantheon of immortals, arranged for the reporter of Frank 
Leslie’s newspaper, none may enter but star-writers, and Mr, Spencer 
is only a “ stock-writer.”. We may, however, presume that Mr. Emer- 
son has here followed his transeendental lights, as there are many who 
will insist that he is not for a moment to be suspected of having ever 
read Mr. Spencer’s books; though it will still remain a mystery how 
he has so skillfully contrived to make his statement as exactly wrong 
as it could be made. It will, probably, matter little to Mr. Spencer 
what Mr. Emerson thinks of his position, as it can matter nothing to 
Mr. Emerson what we think of his judgment; but it should matter a 
good deal to him that he do not lend the influence of his eminent name 
to the perpetration of injustice. Speaking in the light of the facts here 
sketched, we say that Ma. Emerson will search the annals of anthor- 
ship in vain to find an instance in which his epithet would be more 
grossly misapplied. And we will do him the justice to say that in 
other days he has taught us a more generous lesson in regard to what 
is due from the manly and liberal-minded to the heroic endeavors of 
noble and unrecognized men. Many of his admirers will recall with 
pleasure the following admirable passage: “What is the scholar, 
what is the man jor, but for hospitality to every new thought of his 
time ? Have you leisure, power, property, friends ? you shall be the 
asylum of every new thought, every unproved opinion, every untried 
project, which proceeds out of good-will and honest secking. All the 
newspapers, all the tongues of to-day, will, of course, at first defame 
what is noble; but yon, who hold not of to-day, not of the times, but 
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of the everlasting, are to stand for it; and the highest compliment 
man ever receives from Heaven is the sending to him its disgnised 
and diseredited angels.” This is a grand exhortation, and has, no 
doubt, thrilled many a reader with enthusiasm for the rising thoughts 
of his time. But the difficulty still remains, how to identify the celestial 
messengers! Such are the eccentricities of human judgment, that the 
sympathy which Mr. Emerson invokes is as likely to be given to the 
worthless as to the worthy. And what shall we say about the duty 
of common mortals respecting the “disguised and discredited angels,” 
when the Seer himself snubs the author of “ First Principles” as a 
“ stock-writer,” and says to the author of that unclean imposture— 
“Leaves of Grass”—“I greet you at the beginning of a great career?” 


—_—__++ >. 


HUMAN LOCOMOTION. 


HE movements executed by animals in transporting themselves 
from place to place have long engaged the attention of observers ; 
and, as animals which travel on the land are more easily got at than 
those which frequent the sea and the air, it is the motions of such that 
we know most about. Yet much remains to be learned of the modes 
of progression of even the most familiar of these ; and not a little prob- 
ably will have to be unlearned that recent investigations have shown 
to be erroneous, 

At first sight, the operations of walking and running, as displayed 
by both two-legged and four-legged creatures, may appear simple 
enough, but all attempts to analyze and explain them have shown that 
in reality they are very complex, so that there has arisen a wide di- 
versity of opinion concerning their real nature, These disagreements 
among the investigators of the subject can only be accounted for on 
the principle of the insufliciency of the means at their command for 
complete investigation ; and the confusion has been further increased 
by the difficulty of expressing in words the rhythm, duration, and 
phases of the rapid and complex movements involved. 

Prof, E, J. Marey, of the College of France, a skillful physiologist, 
and the inventor of the various delicate mechanical apphances for 
tracing and registering obscure animal motions, has contributed to the 
“ International Scientific Series” a work entitled “ Animal Mechanism,” 
in which the subject of terrestrial locomotion, as typified in man and 
in the horse, is fully treated. Prof. Marey has devised an apparatus 
which, applied to the extremities of a moving animal, enables each 
limb to write out a description, or make a picture of its own actions, 
so that the duration and phases of its movements, its periods of rest, 
and the relations of these to the corresponding features in the motions 
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of the other limbs, may be seen at a glance. A description of this 
apparatus, and its mode of operation, with the results that it gives 
when applied to man, will first engage our attention. 

For the sake of clearness, the maehine may be deseribed as con- 


s 


Fiq. 1.—EXPERIMENTAL SHOE, INTENDED TO SHOW THE PRESSURE OF THE Foor ON THE GROUND, 
WITH IT8 DURATION AND ITS PHASES. 


sisting of two parts, one of which is applied to the limb, and is called 
the experimental shoe, while the other is earried in the hand of the 
operator, and is simply a registering instrument, connected with the 
shoe by an India-rubber tube. The experimental shoe is made by 


Fro. 2.—Dispostrion oF A BUNDLE OF MuscLE BETWEEN Two Parks oF Myoecrapnical CLIPs 
Clip No. 1 holds the electric excitators of the muscle. A wave is represented at the moment 
when it has just crossed each of the clips. 


fixing under the sole of an ordinary shoe, with heated gutta-percha, a 
strong sole of India-rubber about five-eighths of an inch thick. Within 
this sole there is an air-chamber, whieh, in Fig. 1, is represented by 
dotted lines. 

VOL. ¥I.—4 
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This chamber, having upon it a small piece of projecting wood, is 
compressed at the moment the foot exerts its pressure on the ground. 
The air expelled from this cavity escapes by the tube, actuating the 
recording instrument in the hand of the experimenter, causing it to 
register the duration and phases of the pressure of the foot. 


Fig. 3.—RUNNER PROVIDED WITH THE APPARATUS INTENDED TO REGISTER HIS DIFFERENT Paces. 


The registering instrument consists of a little drum, with its upper 
side formed of some elastic membrane. On this membrane rests a 
lever having the point of its long arm in contact with the surface of a 
revolving cylinder, which may be made to move at any required rate, 
and which carries a slip of paper prepared to reecive the tracings. 
Fig. 2 is a representation of this instrument as employed in registering 
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the transverse dilatation of muscular fibre in the process of contraction, 
If we substitute in this fignre an experimental shoe for each of the 
myographical clips, 1 and 2, we shall have the arrangement of the 
apparatus necessary for the study of footsteps or impacts of the foot 
on the ground. 

The entire apparatus, as adjusted to the person of the operator, is 
seen in Fig. 3. The piece of nachinery on the head will be described 
when we come to speak of the movements communicated to the trunk 
by the actions of the legs. 

Yo understand the indications which the working of the apparatus 
gives, the reader is referred to Fig. 4, which has been furnished by an 
experiment in walking. Two tracings are given by the intermittent 
pressure of the feet on the ground. The full line Y corresponds with 
the right foot; the dotted line G with the left. The lines are read 
from left to right. 

Knowing the arrangement of the apparatus, we can understand 
that each impact of the foot on the ground will be represented by the 
elevated part of the corresponding curve. The pressure of the foot on 
the ground compresses the India-rubber sole and diminishes the ca- 
pacity of the included air-chamber; a part of the contained air escapes 
by the connecting tube, and passes into the registering drum. The 
elastic side of the latter is thus elevated, carrying up the point of the 
lever, which in turn leaves the mark of its movement on the paper 
carried by the revolving cylinder. Were the lever to remain undis- 
turbed, it would simply make an horizontal line running round the cyl- 
inder ; but, with the apparatus in use, each impact of the foot lifts the 
pen-point of the lever, thus giving the curves traced in the figure. It 
will be seen that the pressure of the right foot commences at the mo- 
ment when that of the left begins to decrease; and that in all the 


Fie, 4—TRacines oF THE IMPACT AND THE RISE OF THE Two FEET IN OUR ORDINARY WALE, 


tracings there is an alternation between the impacts of the two feet. 
The period of support of each foot is shown by an horizontal line which 
joins the minima of two successive curves. The impacts of the right 
and left feet are seen to have the same duration, showing that the 
weight of the body passes alternately from one foot to the other. It 
would not be the same in respect to a lame person; lameness cor- 
responds essentially with the inequality of the impacts of the two feet. 

The curves traced by walking may also furnish the measure of the 
effort exerted by the foot upon the ground. The experimental shoes 
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constitute a sort of dynameter of pressure; they compress the drum 
less or more according to the eflort they exert, and consequently trans 
mit to the registering lever more or less extensive movements. In 
order to estimate, according to the elevation of the curve, the pressure 
exerted by the foot, we must substitute for the weight of the body a 
certain munber of pounds. We see thus that, if the weight of the 
body (150 pounds for example) is sufficient to raise the lever to the 
height it attains at the commencement of each curve, an additional 
weight will be required to raise it to the maximum elevation which it 
attains toward the end of its period of pressure. This proves that, in 
walking, the pressure of the foot on the ground is not only equal to the 
weight of the body which the foot sustains, but that a greater effort is 
produced at a given moment in order to clevate and move the body 
forward. This additional effort, in a man of average weight, is esti- 
mated at about forty pounds, and it is much greater in running and 
leaping. 

There are certain oscillations of the body, both vertical and hori- 
zontal, produced by the actions of the legs, which M. Marey has care- 
fully traced, but which, owing to their extreme complexity, are difti- 
eult to explain. We shall therefore pass them with only a glance, 
referring the reader to the work itself for details, With each step 
there is an up-and-down movement of the body, which varies with the 
length of the step and the rapidity of the pace. In ordinary walking 
it has an amplitude of from half to three-quarters of an inch. The 
maximum of these vertical oscillations is constant, and oceurs during 
the pressure of the foot upon the ground, at the moment when the leg 
is brought into a straight position. The minima, and consequently 
the extent of the oscillations, will be determined by the length of the 
step; the longer the step the greater the obliquity of the legs, and, of 


Fie, 5.-INsTRUMENT TO REGISTER THE VERTICAL REACTIONS DURING THE VARIOUS Pacers. 


course, the greater the lowering of the trunk. Put in another form, it 
amounts to this: in ordinary walking, the body does not rise above the 
line of its greatest height when standing still, and the distanee which it 
sinks below this line will inerease as the length of the step increases. 

The instrument by which M. Marcy obtains the tracings of these 
vertical reactions is represented in Fig, 5. 

It is an experimental lever-drum, fixed on a piece of wood, which 
is fastened with moulding-wax on the head of the experimenter, as 
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seen in Fig. 3. The drum is provided with a piece of lead placed at 
the extremity of its lever; this mass acts by its inertia. While the 
body oscillates vertically, the mass of lead resists these movements, 
and causes the membrane of the drum to sink when the body rises, 
and to rise when the body descends. From these alternate actions a 
enrrent of air results, which, transmitted by a tube to a registering 
lever, shows by a curve the oscillatory movements of the body. 

A complete horizontal oscillation occupies the time of two steps, 
and, consequently, of two vertical oscillations. The body is carried 
toward the right side, at the moment of the maximum of elevation, 
which corresponds with the middle of the pressure on the right foot, 
and toward the left at the middle of the pressure on the left foot. This 
lateral swaying of the trunk is the consequence of the alternate pas- 
sage of the body into a position sensibly vertical over each foot. 

The body is advancing at every moment during the step, but at 
some parts of it more rapidly than at others. The greatest rapidity 
of advance is at the end of the pressure of the foot. 

With this brief sketch of the movements of the limbs and body in 
walking, and of the apparatus employed by M. Marey for studying 
these movements, we are prepared to consider the different paces com- 
mon to man. 


Fic. 6.—TRACING PRODUCED By, WALKING Up-stairs.—D, tracing of the pressure aud rise of the 
right foot (full line) ; G, tracing of the left foot (dotted line). 


In walking, the body does not leave the ground, the footsteps fol- 
low each other withont any interval, and the weight of the body passes 
alternately from one foot to the other. The tracings in Fig. 4, ob- 
tained by walking on a level surface, illustrate these points. There 
are exceptions, however, to this definition. For example, in mounting 
a staircase it will be observed that the step-curves encroach on each 
other (Fig. 6), showing that each foot is still pressing on its support 
when the other has already planted itself on the next step. Besides 
this, it is at the time of this double pressure that the lower foot exerts 
its maximum force; it is at this moment, in fact, that the work is pro- 
duced which raises the body to the whole height of a step. Nothing 
like this is observed in the descent of a staircase; the step-curves cease 
to encroach on each other, following one another very much as in or- 
dinary walking on level gronnd. 

Running, though more rapid than walking, consists like it in alter- 
nate treads of the two feet, whose step-curves follow each other at 
equal intervals; but it presents this difference, that in running the 
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body leaves the ground for an instant at each step. Fig. 7 shows the 
principal characters of this mode of progression. The pressures of the 
feet are more energetic than in walking; in fact, they not only sustain 
the weight of the body, but impel it with a certain speed both upward 
and forward. It is clear that, to give a mass a rising motion, a greater 
effort must be exerted than would be sufficient simply to sustain it. 
The duration of the pressures on the ground is less than in walking; 
this brevity is proportional to the energy with which the feet tread 
on the ground. These two elements—force and brevity of pressure— 
increase generally with the speed at which a person rnns. The essen- 


Fig. %.—TRACING PRODUCED BY RUNNING (IN Man).—D (curve formed by a full line), impact and 
rise of right foot ; @ (dotted line), action of the left foot; O, oscillations and vertical reac- 
tions of the body. 


tial character of ruuning is the time of suspension, during which the 
body remains in the air between two foot-falls. Fig. 7 clearly shows 
the suspension by the interval which separates the descent of the curves 
of the right foot from the ascent of the curves of the left foot, and vice 
versa. The duration of the time of suspension appears to vary but 
little in an absolute manner; but, if we compare it with the speed of 
the runner, we see that the relative time oceupied by this suspension 
increases with the speed of the conrse, for the duration of each tread 
diminishes in proportion to this speed. How is this suspension of the 
body, at each impulse of the foot, produced ? We might at first think 
that it is the effect of a kind of leap in which the body is projected 
upward in so violent a manner, by the impulse of the feet, that it 
would describe in the air a curve, in the midst of which it would attain 
its maximum elevation from the ground. We may convince ourselves 
that such is not the case by reference to Fig. 7. The upper line (0) 
is a tracing of the vertical oscillations in running. It shows that the 
body exeentes each of its vertical elevations during the downward press- 
wre of the foot, so that it begins to rise the moment the foot touches 
the ground; it attains its maximum elevation at the middle of the 
pressure of this foot, and begins to descend again in order to reach its 
minimum at the moment when one foot has just risen, and before the 
other has reached the ground. This relation of the vertical oscilla- 
tions to the pressure of the feet shows plainly that the time of suspen- 
sion does not depend on the fact that the body projected into the air 
has left the ground, but that the legs have withitrawn from the ground 


HUMAN LOCOMOTION. 55 


by the effect of their flexion; and this takes place at the very moment 
when the body was at its greatest elevation. 

Galloping, a gait that children in their amusements sometimes 
adopt, gives the tracings shown in Fig. 8. The tracings produced by 
leaping are shown in Fig. 9. 


Fig. 8.—MAN GALLOPING WITH THE Rigut Foor First,—Step-curves and reactions, There is an 
encroachment of onc curve over the other, and then a suspension of the body. The curve 0, 
which corresponds with the reactions, shows the etfect of the two successive impulses exerted 
on the body by the feet. 


Among the characters belonging to the various modes of progres- 
sion, the rhythm of the impact of the feet is one of the most striking. 
‘The strokes of the feet upon the ground give rise to sounds the order 
of whose succession is sufficient for a person, with an ear accustomed 
to them, to recognize the kind of pace which produces them. In order 
to give the figure of each of these rhythms, Prof. Marey employs the 
musical notation, modified so as to furnish at the same time the notion 
of the duration of each pressure, that of the foot to which this pressure 


Fre, 9.—LEap ON Two FEET AT ONCE (J) AND G).—The line R, the curve of reactions, shows that 
the maximum of elevations corresponds with the middle of the pressure of the feet. 


belongs, and also the length of time during which the body is sus- 
pended. This notation of rhythms is constructed in a very simple 
manner from the tracings furnished by the apparatus. Fig. 10 repre- 
sents the curve which corresponds with the act of running in man. 
Below this figure let us draw two horizontal lines, 1 and 2; these will 


form the staff on which will be written this simple music, consisting 
only of two notes, which M. Marey calls riyht-foot and left-foot. From 
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the commencement of the ascending part of one step-curve belonging 
to the right foot we will let fall upon the staff a perpendicular (q) ; 
this line will determine the commencement of the pressure of the right 
foot. A perpendicular (6) let fall from the end of the curve will de- 
termine where the pressure of this foot ends. Between these two 
points let us trace a broad white line; it will express, by its length, 
the duration of the pressure of the right foot. A similar construction 


Fig. 10. 


made on line 1, from the succeeding step-curve, will give the notation 
of the pressure of the left foot. The notations of the left foot have 
been shaded with oblique lines, to avoid confusion. 

Between the pressure of the two feet there is found to be silence in 
the rhythm; that is to say, the expression of that instant of the course 
when the body is suspended above the ground. 

If we note in this manner the rhythms of all the paces used by 
man, we shall obtain a synoptical table which will much facilitate the 
comparison of these varied rhythms. Fig. 11 represents the synop- 


Fig, 11.—Synoptioan NoraTion oF THE Four KINpDs OF PROGRESSION USED BY MAn, 


tical, of the four kinds of progression, or paces, which are regularly 
rhythmical, and in which the two feet act alternately. Line 1 repre- 
sents the notation of the rhythm of the walking-pace. The pressure 
of the right foot upon the gronnd is represented by a thick white 
stroke, a sort of rectangle, the length of which corresponds with the 
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duration of the pressure. For the left foot there is a grayish rectan- 
gle shaded with oblique lines. These alternations of gray and white 
express by their succession that in walking the pressure of one foot 
succeeds the other, without allowing any interval between the two. 

Line 2 is the notation which corresponds with the ascent of a stair- 
ease. It is seen that the strokes lap, or encroach on each other, and 
that, consequently, the body during an instant rests on both feet at 
once. 

Line 3 corresponds with the rhythm of running. After a shorter 
pressure of the right foot than in the walking-pace, an interval is seen 
which corresponds with the suspension of the body; then a short 
pressure of the left foot followed by a fresh suspension, and so on 
continually. 

Line 4 answers to a more rapid rate of running. It shows a shorter 
duration of the pressures, a longer time of the suspension of the body, 
and a more rapid succession of the various movements. 

This method of representing the different modes of progression by 
the notation of their rhythms, thongh hardly necessary to make clear 
the simple paces of man, will greatly aid us in understanding the more 
complicated paces of the horse, which will be the subject of another 
article. 


EDUCATED TO DEATH.’ : 
A MOTHER’S STORY. 


T the age of fifteen Mary was a remarkably fine and healthy 
girl: she seemed to be safely over the critical period, and, till 
after that time, had never suffered as many girls do at the commence- 
ment of their womanhood. Her thinking powers were quick and vig- 
orous, and she was the pride of her teachers and joy of her parents. 
Unlimited mental progress was laid out for her, and it seemed that 
there were to be no bounds to her acquirements, 
She had then finished a good common-school education, at the 
best high-school, and had entered an institute for young ladies (a 
boarding-school) of the highest character, The curriculum of study 


? From “The Building of a Brain,” by Edward H. Clarke, M.D. The appearance of 
this narrative in Dr. Clarke’s volume is thus explained by him in the following prefatory 
remarks : 

“Last February I received a letter from a gentleman, personally a stranger to me, 
but well known as an accomplished scholar and writer, to the effect that the case of his 
daughter, who died less than a year previous, aged eighteen, would furnish an excellent 
illustration of the evil results of inappropriate methods of female education, and that he 
would be willing to have the history of her case published, if its publication would ren- 
der any service to the cause of sound education. In reply to a request for the history 
which he had so kindly and unexpectedly offered to prepare, the following note was re- 


58 THE POPULAR SCIENCH MONTHLY, 


there was comprehensive, and it required the closest application of an 
ambitious scholar to succeed. 

One hour was allowed for walking and recreation during the day ; 
and half of that hour could be spent, if the pupil desired to do so, 
in the music-room. As the months went on, I began to notice that 
her complexion, which had been pure rose-leaf, became almost trans- 
parent, and that the fresh blood left her cheeks: still she did not com- 
plain nor lose flesh, but said sometimes, if she could sleep a week she 
would enjoy it, and that it almost always happened, when she was un- 
well, she had the most to do, and the longest to stand. Her progress 
in her studies was wonderful; and it seems incredible to me now that 
we should have let her devote herself so entirely to them. Her mu- 
sical talents were great, and they were under cultivation also: when 
she was seventeen she was the first soprano singer in the choir of the 
church to which she belonged. 

At last I began to be alarmed at the remarkable flow whenever 
she was unwell, and at the frequent recurrence of the periodical func- 
tion. I felt as if something should be done, and consulted our family 
physician as to what could be given her, and how this increased action 
could be stopped or diminished. 

Iie prescribed iron as a tonic, but said that we should do nothing 
more; for that “every woman was a law unto herself,” and, as long as 
nothing more serious occurred, she was to be let alone. This from 
a man who had daughters himself, and eminent in the profession ! 
Never a word about rest, never a caution that she could overwork 
herself, and thus bring misery for the remainder of her life. She left 
school, in June of that year, with noble honors and an aching frame, 
and, after two months’ vacation and rest, which seemed to do her a 
world of good, began in September another year of unremitting hard 
study. Loving and gratified parents, proud and expectant teachers, 
looked upon her as capable of accomplishing all that had ever been 
done by faithful students, and of advancing far beyond all who were 
in the graduating class with her. 

Iler teachers were as kind as any could have been. I think the 
fault was in the system that requires so many hours of study, no mat- 
ter what the condition of the pupil may be. 


ceived, which forms an appropriate and sufficient preface to the sad account that fol- 
lows it: 
* March 30, 18%4. 
‘Dear Sir: The inclosed statement is from the pen of my wife. If it can serve the 
right, you are at liberty to make use of it—in whole or in part, in the language in which 
it now stands, or in modified or entirely different language—as in your judgment may 
seem best. You, of course, will not give names, certainly not in full. 
‘Very truly, 


’ 


“It is proper to say that, except a few slight verbal alterations, which the writer her- 
self would probably have made if she had corrected the proofs of her manuscript, no 
changes have been ventured upon in the language by which a mother presents the in- 
structive lesson of her daughter’s method of education, and its result.” 
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As an instance, twenty-five questions were given her to be an- 
swered. She was seated at a table, without books, from 10 a. w. till 
8 p. m., ceaselessly thinking and writing; and the twenty-five ques- 
tions in classical literature were faultlessly answered, and that, too, 
at a time when, had I known what I know now, she should have been 
resting on her bed, 

Her father, to whom the paper was shown for his approval, wrote 
on the margin: “It seems to me that the task imposed here was a 
great one, indeed; but it has been performed with good success.” I 
do not for a moment mean to find fault with her teachers, for kinder, 
more interested ones no pupil ever had; and the delight that a teacher 
derives from a painstaking and appreciative pupil cannot be under- 
stood by those unused to teaching. 

While the dear child was meeting our utmost requirements as a 
scholar, the foundations of her lite were being sapped away. 

In May, 1872, a little more than two weeks before the June com- 
mencement, she was taken with fearful sickness and severe chills, just 
after one of the hemorrhages that came every three weeks regularly. 
Our doctor was called, and the first thing she said to him was: “ Doctor, 
{ must not be sick now. I cannot afford the time. I must be well for 
commencement.” For four days she suffered very much, but quinine 
and all sorts of tonics brought her up; and the two weeks that should 
have been taken to get well in were spent in study, study, study. All 
the examinations were passed successfully, even brilliantly, and she 
was graduated with all the honors of the institution. Oh, how proud 
we were of her! and when she came home, frail and weak as a wilted 
flower, we said that she should have a long rest, and every comfort 
that we could give her. 

All summer she remained in the Highlands of the Hudson; yet, 
when autumn came, she was not as well as we thought she ought to be, 
though very much improved with regard to the monthly turns, they 
recurring at right times now. 

In September she commenced studying again; her French and 
music were continued, so that she might become still more accom- 
plished in those branches, and lectures on rhetoric and moral philoso- 
phy were attended also. 

The habit of studying was so strong upon her that she could not 
give it up. Now came swelling of the joints and fingers, and the old 
trouble, all of which she would have kept to herself if she could have 
done so; but I was so anxious about her that I ascertained her con- 
dition, went to the doctor again, and begged him to tell me what to 
do that would stop the weakening periodical disturbance, as I was 
persuaded that was the cause of her trouble. He said she had inflam- 
matory rheumatism, and prescribed soda. But Iwas not to do any 
thing for the other matter, and, against my own convictions, I let 
things take their course. Oh, if he had said, “Take her home, and 
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stop her studying!” Armed with such authority, I should have done 
it, and how do-we know but she might have been with us now if I 
had done so? 

But, she worked on till the 25th of December. Then she came 
home, and said decidedly she would study no more till she was well. 

We were rejoiced at her decision; for, although we were anxious 
that her education should be completed and thorough, we had felt for 
a long time that her health was becoming impaired. Still we were 
sure she had a good constitution, and thought that would carry her 
through. She did not grow thin, but stout and pale, and such a trans- 
parent pallor, that, now I think of it, I wonder all who looked at her 
did not see that her blood was turning to water. Her sweet and lovely 
soul was so uncomplaining, and her smile always so bright, that we 
never for a moment thought she could fade and die. 

She brightened up somewhat for the next month, but still did not 
“get well.” About the last of January her limbs swelled so much that, 
in haste, I rushed to the doctor. Then he said her kidneys were con- 
gested, and that Bright’s fatal disease was her malady. All that de- . 
spairing love could do was done now. In five short weeks we laid her 
in Greenwood. Whatever was the form of the disease from which she 
suffered, ] am convinced that what she did have was brought on by 
incessant study when she should have rested, and that it was fixed at 
the time that she got the severe chills—in May, 1871. 

She was by no means a frail girl when she entered the institute. 
She was tall, finely formed, with a full, broad chest, and musical organs 
of great compass. Her bust was not flat, neither was it as full as it 
might have been. Her features were not too large. She had brown 
eyes, brown hair, a very sweet and pleasing face. With every indi- 
cation at first of strength and a good constitution, she fell at last a 
victim to want of sense in parents and teachers, and—shall I say ?— 
physician too. 


THE RESPIRATION OF PLANTS. 
By EMILE ALGLAVE. 


TRANSLATED FROM THE REVUE SOIENTIFIQUE, BY J. FITZGERALD, A. M. 
I. 


IIE functional contrast between the two organic worlds of plants 

and animals was, till lately, the groundwork of all scientific specu- 

lations. The labors of the most illustrious men of science had confirmed 
this theory ; and then, too, it was in accord with all the known facts. 

Plants, it was held, grow in order to supply animals with food, and 

to make life possible for them; the activities of vegetal life produced 
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the immediate principles of food, and animal life destroyed them; the 
various excretions of animal life were the natural ferment of vegetal 
life, and the latter puritied the air, contaminated by animal emanations ; 
finally, that function of the organism which is most continuous, name- 
ly, respiration, consisted, in animals, in the absorption of oxygen, fol- 
lowed by exhalation of carbonic acid, while in plants it consisted in 
the absorption of carbonic acid, followed by exhalation of oxygen. 
In this way the respiration of plants would decompose the carbonic 
acid produced by the respiration of animals, thus preserving the nor- 
mal constitution of the atmosphere. 

The famous experiments of Claude Bernard on the glycogenic 
function of the liver, revealing, as they did, the formation in the 
liver of animals of one of the most important of these immediate 
priuciples, to wit, sugar, delivered on this apparently philosophic and 
well-established theory a severe blow, from which it could not recover. 
Soon, a very different theory, one no less philosophic in its general 
form, was proposed; and this theory was so bound up with the ten- 
dencies of modern science and philosophy, that its success was assured 
from the outset. In place of the harmonic contrast of the two king- 
doms, we have now the functional unity of living Nature. Our read- 
ers have not forgotten the lectures delivered during several years by 
Claude Bernard, at the Paris Museum of Natural History, in which he 
has developed this grand conception. Instead of comparing together 
animals and plants, pointing out their differences, as the usual course 
has been, Bernard enumerates their resemblances; and this simple 
change in the point of view at once gives to the ensemble of the facts 
avery different meaning. 

But, still there appear to remain some fundamental differences, 
chiefly with regard to respiration. 

Since the date of the early researches, which made out the respira- 
tion of plants to be an exhalation of oxygen resulting from the decom- 
position of the carbonic acid of the atmosphere, sundry not very recent 
experiments have to a certain extent limited the bearings of the origi- 
nal conclusions. It was soon discovered that this mode of respiration 
is subordinated to the action of solar light, and that it oceurs only in 
the leaves and in the green portions of the plant, the coloration being 
due to the presence of a special principle called chlorophyll; and thus 
the chlorophyll came to be regarded as the organ, the essential agent 
of plant-respiration. Next, the discovery was made that the flowers 
of a color different from green, and even the green portions themselves 
when placed in the dark, not only do not absorb carbonic acid out of 
the atmosphere, and then exhale the oxygen of that acid; they go 
further, and do the very opposite, absorbing oxygen and giving up 
carbonic acid, just as animals do. 

Hence the assignment to plants of a second mode of respiration, 
known as nocturnal, as opposed to the other mode, called the diurnal 
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respiration. But, notwithstanding the discovery of a number of facts 
which tended to enlarge the province of this so-called nocturnal respi- 
ration, it was far from attaining the importance of the diurnal, which 
all the botanists held to be the true respiration of plants, and which, 
as compared with the other mode, clearly deserved this distinction, 
owing to the number, the duration, and the extension of the phenomena 
which it represented. 

One might wonder at this strange duality of respirations in a sin- 
gle being—respirations that were antagonistic in their very essence ; 
especially might one ask how plants could be deprived, during one- 
half of their life, of that physiological function, the unceasing perform- 
ance of which would seem to be the most indispensable of all, to wit, 
the respiratory function—for this was held to be identical with the 
diurnal respiration; it might even be observed that certain plants, 
grown in the dark, perform this function very seldom; but, for all 
that, the facts all seemed to require the acceptance of the current 
theory. 

These preliminary remarks will enable the reader fully to see the 
importance of the researches recently explained to the Lille Society 
of Sciences, by M. Coreuwinder, of whose paper we propose to give a 
summary. The author, who has for twenty years pursued in one di- 
rection his studies of vegetal physiology, has proved that the noctur- 
nal respiration of plants, though supposed to be exceptional, is in fact 
pertectly continuous, and constitutes their only true respiration. What 
hitherto has been called diurnal respiration, viz., the absorption of 
carbonic acid, the seat of which is the chlorophyll, instead of being 
the true respiratory phenomenon, is a phenomenon of assimilation and 
digestion, as pointed out by Claude Bernard. Plants and animals 
respire both in the same way. This isthe grand fact, the proofs of 
which are given by Corenwinder. 


I. 


Buds, young shoots, and nascent leaves, discharge a function hith- 
erto insufficiently considered, but yet this function is of such a nature 
as to elucidate the most important laws of vegetal physiology. It 
may be readily shown by very simple experiments that, in this first 
period, and for a certain length of time, plants absorb oxygen unmis- 
takably and uninterruptedly, exhaling carbonic acid. Nor is it only 
in the dark that they discharge this function; indeed, it is not very 
apparent during the night, when the weather is cold, as is often the 
case in spring. It is during the day, and when the sunlight is strong- 
est, that this function becomes characteristic, and especially when the 
temperature is rising. 

This is easily shown by placing delicate plants, gathered in the 
early stages of their growth, under a close bell-glass, connected with a 
receiver holding concentrated baryta-water, the receiver in turn being 
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connected with an aspirator, which causes the air in contact with the 
plant to pass gently over the baryta solution. For instance, take a 
freshly-opened bud of the chestnut, and presently, or at least after a 
very little while, there is seen to form, in the daylight, a deposit of 
carbonate of baryta, and this increases very rapidly. Of course, care 
must be taken to deprive the air of its carbonic acid before it is ad- 
mitted into the bell-glass. 

A very simple experiment will make it plain that, in the course of 
this first period, the nascent leaves absorb to an appreciable extent 
the oxygen of the air both day and night. We have only to place 
the plant in a small bell-glass containing common air, the mouth of 
the vessel being stopped by means of a solution of caustic potash in a 
saucer. Soon we observe the solution rising in the bell-glass, and 
standing still at a certain point, which it never goes beyond. (Care 
must be taken not to allow the alkaline liquid to touch the petioles of 
the leaves.) If we now examine the elastic fluid which remains unab- 
sorbed, we find that it contains nothing but nitrogen. In this opera- 
tion the oxygen is inhaled by the leaves, which transform that gas 
into carbonic acid; this they expire in variable proportions according 
to their age, and it is absorbed by the caustic-potash solution. 

But this power of absorbing oxygen and of exhaling carbonic acid 
in the daytime, while very evident at the instant of the opening out 
of the buds, becomes sensibly less pronounced, according as the leaves 
grow, and, as a general rule, this phenomenon ceases to be presented 
after these organs have attained their normal development. Hence, it 
is certain that plants, in their earlier stages, respire after the manner 
of animals, absorbing oxygen and exhaling carbonic acid. These 
physiological facts were demonstrated by M. Corenwinder, in a me- 
moir published in 1866 by the Société des Sciences of Lille. 


Il. 


It is not alone young plants just produced from the seed or from 
the bud in the spring that offer these characters: all foliaceous or- 
gans, while young, tender, and injected with nitrogenized materials, 
and just beginning to derive their nourishment from the carbon of the 
atmosphere, sensibly exhale carbonic acid in the daytime. If we ob- 
serve the young branches which, during summer, grow on trees of 
persistent foliage, the Lawrocerasus, for example, we find that, in these 
new growths, the phenomenon of respiration predominates: they ex- 
hale sensibly carbonic acid in the daytime. 

But, if we place under a closed bell-glass an entire branch bearing 
leaves of the current and of the preceding year, collecting the air that 
has been in contact with them in a receiver holding baryta-water, and 
provided with an aspirator, we find that the result varies according to 
the relative quantities of new and old leaves. If the latter are in ex- 
cess, they absorb the carbonic acid exhaled by the former, and the 
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baryta-water remains clear, but it grows turbid when the new leaves 
predominate. 

If the experiment be made at the period when all the leaves of the 
current year have attained their adult age, the branch of Laurocerasus 
gives out no carbonic acid while exposed to light, provided the light 
is not very feeble. 

The point at which plants cease perceptibly to give out carbonic 
acid in the daytime varies widely according to the species. Coren- 
winder has found some which exhibit this property for a long time, 
while others lose it very early. In the first category we may class a 
perennial plant common in our gardens, Diclitra spectabilis, and in 
the second the young leaves of the beet. 

The cause of this peculiarity cannot at present be assigned; certain 
it is, however, that it largely depends on external circumstances, heat, 
for instance, which quickens all the chemical actions of oxygen, or the 
intensity of the light which promotes the assimilation of the carbon. 
But the special nature of the plant also plays a part. Hence we must 
not jump at conclusions after one of these experiments, if we would 
avoid setting up artificial laws with many exceptions. 

It was at first difficult to account @ priori for the fact of this prop- 
erty of nascent plants constantly exhaling carbonic acid, being at the 
outset very patent, and then diminishing in intensity as they grow, 
and finally disappearing. But experiments of another kind, described 
eight years ago by M. Corenwinder, put him on the track of this phe- 
nomenon, and gave him a plausible explanation of it. 

Adopting the same processes which enabled Bonnet, Ingenhousz, 
and Sennebier, to lay the foundations of plant physiology, he placed 
buds and young stems bearing new leaves in bell-glasses filled with 
spring-water containing bicarbonate of lime or in water charged with 
carbonic acid, and then exposed them to the sun. As was to be ex- 
pected, the leaves were soon covered with bubbles, and gave off oxygen; 
and this is the case even with leaves whose evolution is not yet complete. 
Hence it is plain that, from the earliest period of their life, plants de- 
compose the carbonic acid of the atmosphere and assimilate its carbon. 

Thus the foregoing experiments prove two facts which seem to be 
contradictory, and which, nevertheless, are simultaneous: 1, Inhala- 
tion of oxygen, accompanied with emission of carbonic acid; 2. Ab- 
sorption of carbonic acid, leading to a discharge of oxygen. Hence, 
in young plants, there is simultaneity of the two modes of respiration 
commonly attributed to older plants; but, in the latter, these two 
modes have different conditions or different organs. This was the 
starting-point, and it had to be made clear by means of accurate re- 
search. 

IV. 

As we now see, the plant begins, in the early stages of its life, to 

respire as the animal does, absorbing oxygen, and exhaling carbonic 
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acid. But we have still to inquire why it is that the exhalation of 
carbonic acid gradually diminishes as the leaves grow in size. This 
is the great point to settle. Inasmuch as the respiratory organ grows 
in vitality and in size, it looks as though the respiration ought to be- 
come more active, and consequently augment the exhalation of carbonic 
acid, if this latter process is the respiration. 

In order to solve this problem, M. Coreuwinder judged it necessary 
to investigate very closely the variations occurring in the chemical 
composition of leaves during their vegetation. For this purpose he 
has made numerous researches, whereof we will describe two experi- 
ments made during the summer of 1873, one upon a white lilac, the 
other upon a maple with fine green leaves. These oceupy a good, 
airy site in the author’s garden, near the city of Lille. 

M. Corenwinder gathered leaves of these plants at suitable inter- 
vals, from April 15th till October 31st, analyzing them afterward to de- 
termine the amount of water, nitrogenized substances, ash, and ternary 
compounds, they respectively contained. In sundry cases, at the most 
characteristic periods, the proportion of phosphoric acid contained in 
the ash was accurately weighed. 

a\s every one knows, water forms a considerable portion of the sub- 
stance of leaves, as much as four-fifths, As a rule, this proportion be- 
comes less as the season advances, and the leaves grow older, but the 
diminution is not regular, As M. Corenwinder has shown, it needs 
but to rain fora little while to very sensibly raise again the propor- 
tion of water in leaves, These variations in the water of vegetation 
of leaves make it difficult to compare the other elements which they 
contain, and hide the relative increase or decrease of each of these ele- 
ments. De Saussure evaded this difficulty by calculating the leaves 
in the dry state, and then determining what would be the relative 
proportions per cent. of the various elements in each leaf, if really de- 
prived of all its water. M. Corenwinder adopts the same course. 
Having given in full the results of bis two series of experiments, he 
condenses them in the following tables, which enable us easily to fol- 
low the evolution of each of the groups of elements in the leaf: 


LEAVES OF COMMON LILAC, 


Nitroge- |Carbona- 
1873, REMARKS. nized ceous Ash. 
Matter. | Matter. 

April 15........] Leaves small... 2.0... eee ee cee eee ..| 27.87 | 6771 | 4.42 
SO VB areten ate “larger, flower-buds just appearing...) 23.36 | 71.45 5.19 
poe) eee “still larger, flower-buds developed. .| 18.00 | 77.04 | 4.96 

May 12........ “normal; flowers expanded........ 17.86 | 77.68 | 4.46 

June 6. i iy flowers withered.........] 14.75 | 78.35 | 6.90 

July l......e. ef 0 Sos sea Bbteles ae cooeeseeeee| 12.62 | 79.04 | 3.84 

Aug. Ded ieaas oe se evdibre yeclensy Sebeare eet sure « se] 10.81 | 80.79 8.40 

Rept. Bicpegax's s ss pal ig ota eee WeAlCieee Oh Boro fe.ca 10.31 | 81.77 8.52 

Oct., Vea csaeee Fe SHB eeMy 6 oes «wheels auahoareatied’s oe «| 12.19 | 80.61 8.20 

UN AB Ts etceceis withered... ... ce. .cceeeeeeeeses| 8.87 | 83.13 | 8.00 
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PMNOSPHORIC ACID IN THE ASI, 


Dive | In 100 Parts of Dried Leaves. In 100 Parts of Ash. 
AprilABe cai, vents Pees | 1.400 31.67 
JUNE? Beat end Svein 0.770 11.16 
Oete dealceecae e's acoed 0.460 5.61 


Be Be wile <p eg ewe ow 0,256 38.20 


LEAVES OF THE MAPLE, 


Nitro- |Carbona- 
DATE. REMARKS. genized | _ccous Ash. 
Matter. | Matter. 

May 1........] Leaves small. ....... ccc ccc eee eens 40.94 | 53.06 6.00 
as teiecercefe «small, expanded ................ 38.56 | 54,54 6.90 
8 DS tances SO Marr ers cs. cas Sree ee Serra ee 26,25 65.86 7.89 

June 13........ SE" SMOPMAL sare os62e 5 Sees, Bee wesw aceeel aps 22.87 | 67.78 9.40 

July 12........ a BM) Chadian ae egrets wu wales sae 20.19 | 68.17 11.64 

Alig. 4ivsccdews us HED ip tanle Siete 5 Grek oar Siete ASE eo 19.59 | 68.18 12.28 

Sept, 8........, Mie 1 Rema mteern steak oho 20.62 | 65.88 | 13.50 

Det Sasce cia’ e fading........... were tess Syren 20.00 | 65.25 14.75 
Me Ae osetia fallen 00... eee eee eee ee ee eee! 14.80 | 69.00 | 16.20 


PHOSPHORIC ACID OF THE ASH, 


DATE. In 1U Parts of Dried Leaves. In 100 Parts of Ash. 
May 1...... cece eee ee 2.797 49,62 
Huiie Ls Sk cks teeters 0.957 10,18 
Wel, 0S esrie dana ay 0.119 0.73 


It will be at once observed that the absolute amount of nitrogen- 
ized substances differs widely as between the leaves of the two plants: 
there is at first far more in those of the maple than in those of the 
lilac, and this superiority is maintained during the whole period of 
vegetation, 

Probably were we to examine from this point of view a large num- 
ber of plants, we shonld find differences as great as these. Even be- 
tween trees of the same species similar differences occur, according to 
their age and vigor, and more particularly according to the surround- 
ings. Thus, on July 12, 1873, M. Corenwinder solleeted leaves of the 
common lilac im a eanrlan sinmted in the open country near Saint- 
Quentin, and in them found : 


Nitrogenized matters. ...... ccc cece cet eee eee ee tee een eneeee 18.56 
Carbonaceous matters... ..... cece cee cee ee ere eee teste se ceens 712.90 
GANSU, chccsts case deacectcsdagunctle Sits Sneeat Aiataeer openers adie ae ede ditca heir er eho dantan 8.54 

100.00 


Comparing this analysis with that of the lilac-leaves which were 
gathered at the same time, but in a city-garden, we see that those 
which had plenty of air, growing in the country, remote from aggre- 
gations of human beings, are the richer in nitrogenized substances. 
They also grow thicker and larger, the activity of respiration devel- 
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oping their vitality, and promoting the growth of the organs which 
discharge that function. Hence it would appear that, for plants, as 
for animals, an abundant absorption of pure air, rich in oxygen, is 
the essential condition of a strong, vigorous constitution, 

But these individual or specific differences have no importance as 
regards our problem. The point for us te consider is, not the abso- 
lute proportion of a given element, but rather the relative modifica- 
tions which the initial proportion undergoes during the life of the leaf. 
Let us see what the tables have to say on this point: 

1, During the growth of the leaves, the relative proportion of nitro- 
genized matter in their tissue grows rapidly less. It is at the maximum 
just when these organs are breaking ont of the bud, and it goes on 
decreasing thenceforward till about the beginning of July, when the 
fruit of the Hlac has been formed. From that time on, the quantity of 
nitrogenized matters varies but little, though it seems to gain a little 
in leaves approaching maturity. Finally, it is at the minimum when 
the process of vegetation is complete. 

At the moment of their falling, we find in lilae-leaves only about 
one-third the amount of nitrogenized matters they contained at the 
outset. In maple-leaves the amount is relatively greater, but the 
difference is not very important. 

2. If, now, we look at these analyses with respect to the amount of 
carbonaceous matters, we fiud that the latter rapidly inereases from 
the moment when the leaves start from the bud, down to the time 
when they have attained their greatest size, i.e, when they have 
reached the adult age. As regards the lilac, this is the case when the 
flowers are ready to expand. The carbonaceous matters thenceforth 
gain less notably till September; but then we perceive a sensible 
decrease, especially as regards the maple. Finally, they attain the 
maximum at the time of falling from the tree, this rise being due to 
the disappearance of a notable amount of nitrogenized substanees. 

3. The ash, too, increases rapidly down to June, but then it grows 
less pronounced. There is relatively a greater amount of mineral 
matter in the faded leaves of the maple than in those of the lilac. 
The latter, at the close of their life, show a slight diminution, which 
is perhaps accidental, in mineral salts: being more tender than maple- 
leaves, they probably lose a little of their soluble salts under the action 
of rains. 

We have only to compare the mature leaves of the maple with 
those of the lilac, in order to see that the former must contain more 
fixed salts than the latter: the fibres which traverse them are thicker, 
stronger, and more numerous, than in the leaves of the lilac, and henee 
they are richer in silica and salts of lime. 

The ashes of these two trees differ very widely from one another. 
Even in the same species the quantity of the ash, like that of the 
nitrogenized matter, differs according to the surroundings, the age of 
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the plant, the humidity of the soil, and the heat to which it is exposed. 
It was proved by De Saussure that the quautity of ash is much less 
in nascent leaves than in those which have attained the term of their 
existence. 

4. De Saussure also proved that in the ash of buds and naseent 
leaves there is more phosphoric acid than is found at any later stage. 
Since his time this fact has been confirmed by Garreau, of Lille, and 
by Corenwinder, The present series of experiments furnishes a new 
demonstration of this important phenomenon. 

In the tables we have given the reader will observe that the pro- 
portion of phosphorie acid, which at the outset was considerable, espe- 
cially in the maple-leaves, rapidly grows less, and when the process 
of vegetation is at an end it is very small indeed, Thus, when com- 
ing from the bud, they contain (in the dry state) about .028 phospho- 
ric acid; but at last they contain only about .001. It was long ago 
proved by M. Corenwinder that the phosphorus contained in plants 
is an essentially variable quantity. It almost entirely disappears from 
the tissue of annual plants at the end of their growth, being con- 
densed in the seeds, and ultimately serving to perpetnate the species. 
In perennial plants, the phosphorus does not go into the seeds merely 
—it is also diffused through the trunk and the branches; further, it 
hibernates in the buds, which contain the essential elements of the 
seed, and which perform the same functions as the latter in the evolu- 
tion of leaves, 

v. 

TIavying now made the experiments tell their story, and described 
the comparative evolution of the various elements of the leaves dur- 
ing their annual life, let us next see whether these variations in chem- 
ical constitution may be conpled together under a theory which shall 
explain the moditications undergone by the gaseous exhalations of 
plants at the various stages of their life. 

When we study closely the figures relating, for instance, to the ma- 
ple, we find that, in the first stage of growth the nitrogenized matters 
are very considerable. Probably they have an organization of their 
own, and exist independently of the vegetal cells; at all events, they 
discharge functions which may be called animal—they respire, and in 
this early stage respiration is the dominant funetion. The carbonic 
acid resulting from this operation is at first only in part retained in 
the plant by the reducing action of the chlorophyll, The young plant, 
when exposed to the light and placed in atmospherie air, exhales an 
excess of earbonie acid. 

In the second period, the relative proportion of nitrogenized matters 
grows less, while, on the other hand, the carbonaceons matters inerease. 
The plant now exhales only a small amount of carbonic acid, the latter 
heing almost entirely retained by the chlorophyll, which decomposes 
it, and fixes its carbon. 
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Later, the disengagement of carbonic acid ceases, that gas beng 
instantly absorbed by the chlorophyll as soon as it is prodneed in res- 
piration, The plant has now entered the adult stage, It freely ab- 
sorbs the carbonic acid of the air, under the influence of the sun’s 
rays, and gives off oxygen. The phenomenon of respiration is at this 
period completely masked, and cannot be shown to exist except by 
indirect processes, as we shall soon see. 

On reading the column of figures headed “ Carbonaceous Matters,” 
we find that, in September, they grow rapidly less. Further, ML. Co- 
renwinder has discovered that, toward the beginning of October, the 
leaves exhaled a little carbonic acid in the daytime. Were the phe- 
nomenon is not of the same nature as at the beginning of vegetation: 
the yellow leaves are dying, and lose their carbon, like all decaying or 
dead organic matters exposed to the air. When vegetation is at an 
end, the proportion of carbonaceous matters seems to increase, owing 
to the rapid disappearance of nitrogenous matters, 

From the facts established in the physiological and chemical ex- 
periments we have described we derive a very probable explanation 
of two phenomena, which at first view would seem to be mutually in- 
compatible, viz., exhalation of oxygen and exhalation of carbonie acid. 
The latter of these has its seat in the nitrogenized matters, and consti- 
tutes the respiration of plants, which is henceforth to be esteemed the 
same as the respiration of animals, The other phenomenon has its 
seat in the chlorophyll. It has been wrongly held to be a respiratory 
act: it is, in fact, a true digestion of carbon. 


VIL 

From what has been said, we may unhesitatingly conclude that 
leaves in their carliest stage simultaneously perform two physiological 
functions: 1, They respire by means of their nitrogenous constituents; 
2. They assimilate carbon by means of the carbonaceous matters or- 
ganized in their tissues, i, e, the chlorophyll. 

This act of respiration, as we have seen, becomes less apparent as 
the plant begins to assimilate carbon, but, in reality, it goes on unin- 
terruptedly, being only masked by the increased activity of the other 
function. That this is the case may be proved experimentally. 

In the first place, we know that plants cannot lve in an atmos- 
phere without oxygen. When they are placed in close vessels con- 
taining hydrogen and nitrogen, they live for a while, owing to the 
small quantity of atmospheric air in their cells; but yet, though out- 
wardly they may give no sign of decay, on being taken out of the ves- 
sels they are found to be dead. The development of the buds ceases 
utterly in an oxygenless atmosphere. On March 29, 1872, M. Coren- 
winder placed a chestnut-bud in a test-tube containing atmospheric 
air, the mouth of the tube being immersed in a solution of caustic pot- 
ash, The bud formed carbonic acid rapidly, inhaling the oxygen of 


7O THE POPULAR SCIENCE MONTHLY. 


the air in the tube. The acid was absorbed, as soon as formed, by the 
alkaline solution, and the latter rose in the tube until there was no gas 
left exeept nitrogen. 

The bud was kept in the nitrogen till May 2d; it then began to give 
signs of decay. During all this time it never gained in size, and re- 
tained its original form. The conelusion is, that bud development can- 
not go on tn un atmosphere deprived of oxygen. 

We know, further, from the observations of Th. de Saussure, that 
germination is impossible when the embryo, in process of growth, does 
not find, in the atmosphere in which it lives, the amonnt of oxygen 
needed for its life. Hence Corenwinder’s experiment gives us a fresh 
instance of the resemblance between germination and the evolution of 
leaftaxes. 

Th. de Saussure also examined several plants placed in an atmos- 
phere of nitrogen. According to their behavior under these cirewn- 
stances, he divides them into two categories, viz., those which vegetate 
in such an atmosphere only for a few days, and those which live and 
even flourish there for a certain length of time. Plants of the latter 
class are chiefly those which inhabit marshy situations, such as Lyth- 
cum salicaria, Epilobium hirsutum, Polygonum amphibium, ete. He 
has expressed the opinion that plants possessed of this latter property 
consume less oxygen, vegetating in atmospheric air without much light. 

iH, in M. Corenwinder’s experiments, plants wither rapidly, the rea- 
son is, that in the morning he drew off the carbonie acid formed dur- 
ing the night by the ageney of the oxygen contained in the cells. 
When this is not done, the leaves may decompose the acid in the day- 
time, give out oxygen, and so live for a long time, the oxygen being 
inhaled and exhaled over and over again. 

Finally, if the leaves be kept in absolute darkness, the reducing 
action is null, and then the act of respiration, which, of necessity, is 
never completely suspended, alone appears, and the plant disengages 
only carbonie acid, This function, however, is curiously affeeted by 
temperature, so that, at 82° Fahr., leaves usually exhale but little car- 
bonie acid. 

These early observations would of themselves snffice to show the 
existence in plants, at every stage of growth, of a respiratory action, 
like that of animals, viz., an absorption of oxygen. 

What in the books is called the diurnal respiration of plants, is in 
reality an assimilation of carbon ; in other words, it is the act whereby 
the leaf-organs decompose the carbonic acid of the air, and give out its 
oxygen. This act depends essentially on the influence of light. It is 
at the maximum intensity when the plant is under the direet action of 
the sun’s rays, and gradually diminishes in importance in proportion 
as the light grows feebler; for instance, when the sky is overcast with 
clouds, and when the weather is thick and rainy. This was dcmon- 
strated in a memoir by Corenwinder, published in 1858, 
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Still, with full-grown leaves in the open air, and with abundance 
of light, we but rarely find them exhaling even a very small amount 
of carbouie aeid ; though—as was shown by M. Corenwinder ten years 
ago—if we transfer them to a room lighted only by side-windows, and 
to which the direct rays of the sun do not penetrate, they generally, 
under these conditions, exhale carbonic acid in the daytime, the pro- 
portion varying aeeording to the nature of the plants, the weakness 
of the diffused light, and the temperature, Of all the plants experi- 
mented on in this way by M. Corenwinder, the common nettle appeared 
to give out the largest amount of earbonic aeid, when kept in a room. 

These facts M. Corenwinder announeed ten years ago, but he did 
not then venture an interpretation of them, as he does now. 

M. Boussingault has shown that leaves placed in a bell-glass eon- 
taining pure hydrogen mixed with a little carbonic aeid, and kept in 
an ill-lighted reom, give off traces of oxygen. This proves that even 
under the most unfavorable conditions the assimilation of carbon does 
not entirely cease: this act is completely suspended only in total 
darkness, 

Now, as it is likewise certain that, under the same conditions as to 
light, leaves kept under a bell-glass fled with air give out carbonic 
acid, and inhale oxygen, it follows inevitably, from these two classes 
of observations, that the functions inherent in plants, respiration and 
assimilation of carbon, are simultancous; the latter function is, how- 
ever, reduced to such a degree that it no longer completely masks the 
effect of the former, in other words, the chlorophyll can no longer 
absorb all the carbonic acid produced by respiration. 

Tlere, then, we have a fact analogous to that whieh we sce in the 
earliest stage of vegetation, with this difference, that in the ease of the 
bud the reducing action is insufficient, owing to the relative inferiority 
of its carbonaceous matters, while in the other case the insufficiency 
results from the reduction of their power. 

These faets are undoubtedly very strong arguments for the theory 
of two simultaneous funetions in leaves. M. Corenwinder still further 
confirms it with sundry observations, which are easily made. 

Place perfectly green, full-grown maize-leaves under the bell-glass 
of the apparatus already described, and it will be seen that in the day- 
time they do not exhale the slightest trace of carbonie acid. If we 
eould deprive these leaves of their green matter, which to all intents 
and purposes performs the assimilative funetion, we could doubtless 
discover the other function which this conceals, viz., respiration, Now, 
this very experiment Nature makes easy for us, As all are aware, 
there is a species of maize with striped leaves, which often bears white 
leaves without a trace of green. If we examine closely the striped 
leaves, we shal] see that their white portions have absolutely no chlo- 
rophyll within. This is not the case with the leaves of a purple or of 
a black color; these, in addition to the coloring matter characteristic 
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of them, contain always more or less green matter, masked. They also 
possess the property, which the white leaves do not, of absorbing car- 
bonie acid, and exhaling oxygen in a perceptible degree, when exposed 
to the sun, We lay stress on these phenomena, since it is for want of 
having understood them that very recent authors describe colored 
leaves as being usually deprived of the function of assimilation, 

Ifwe make the experiment already described with white Jeaves, 
we shall find that in the daytime they exhale a perceptible amount of 
carbonic acid. 

Sennebier had observed that the yellow and red stripes of the Ama- 
rantus tricolor do not give off oxygen when exposed to the sun, but 
that the leaves of the Amarantus ruber, on the contrary, possess this 
property. So, too, leaves naturally green, which change color at the 
close of their life, entirely cease from absorbing carbonic acid and ex- 
haling oxygen. Corenwinder has shown that faded leaves that are on 
the point of falling constantly give out carbonic acid. The fact seems 
to be universal. Here, however, it is not a phenomenon of vitality 
that appears, but an act of decrepitude, which goes on and increases 
after the leaf has fallen, 

We observe the same phenomena in other plants, some of whose 
leaves contain no green matter whatever, especially in the striped ma- 
ple, which is such an ornament of our gardens insummer. In Angust, 
1868, M. Corenwinder gathered off one and the same maple some 
leaves that were perfeetly white, and others that were perfectly green, 
and analyzed them to determine the amount of nitrogen they respec- 
tively contained, with the following results: 


WHITE LEAVES. 
Nitrogenized matters in 100 grammes, dried at 212° Fahr.......... 17.06 gr. 


GREEN LEAVES. 
Nitrogenized matters in 100 grammes, dried at 212° Fahr........... 18.76 gr. 


Thus we finda much larger amount of nitrogenous elements in the 
white leaves than in those which contain chlorophyll; on the other 
hand, the latter are richer in carbonaceous substances. These two 
observations clearly confirm M, Corenwinder’s theory. 

Finally, we may conclude, from all the analyses and experiments 
we have here detailed, that there exist in plants, at every stage of 
their Jife, two distinct functions having different centres of action. 
The one is respiration, which depends upon the nitrogenous organic 
bodies. The other is assimilation of carbon, which has its seat in 
special organisms, formed principally, if not exclusively, of ternary 
elements. 

This theory gives a natural explanation of all observations upon 
the physiology of leaves. M. Corenwinder hopes soon to make an 
application of it, and will show what it is worth, by explaining, with 
its aid, the origin of carbon in plants. 
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FACIAL ANOMALIES. 
By Dr. KARL MULLER. 


WAS once sitting ina cool underground saloon at Leipsic, while 
without people were ready to die from the heat, when a new guest 
entered and took a seat opposite tome. The sweat rolled in great 
drops down his face, and he was kept busy with his handkerchief, till at 
last he found relief in the exclamation, “Fearfully hot!” I watched 
him attentively as he called for a cool drink, for I expected every mo- 
ment that he would fall from his chair in a fit of apoplexy. The man 
must have noticed that Iwas observing him, for he turned toward 
me suddenly, saying, “I am a curious sort of person, am I not?” 
“Why?” Lasked. ‘“ Because I perspire only on the right side.” And 
so it was; his right cheek and the right half of his forehead were as 
hot as fire, while the left side of his face bore not a trace of perspira- 
tion. I had never seen the like, and, in my astonishment, was about 
to enter into conversation with him regarding this physiological eu- 
riosity, when his neighbor on the left broke in with the remark, “ Then 
we are the opposites and counterparts of each other, for I perspire only 
on the left side.” ‘This, too, was the fact. So the pair took seats op- 
posite to each other, and shook hands like two men who had just found 
each his other half. “ Well! this makes an end of natural history,” 
exclaimed another guest, who hitherto had qnietly gazed on this 
strange performance as though it were a play; and every one that had 
overheard what was said came to look at this novel wonder. 

“This makes an end of natural history!” This expression excited 
me to laughter, and involuntarily I exclaimed: “ No, sir, this is just 
the beginning of natural history ; for Nature has many strange ca- 
prices even as regards her symmetry. I then mentioned the case of a 
man I had known in my boyhood, who, Janus-like, had two totally 
different faces—on one side laughing, on the other crying. Naturally 
I dreaded this strange double face, with its one side smooth, plump, 
and comely, like a girl’s cheek, while the other side was all scarred 
by the small-pox. This side of the face denoted churlishness; and, 
while the other side wore a smile, this boded mischief. In this in- 
stance disease had been unsymmetrical. 

Seated again in a different place, I mentioned to a friend, a physi- 
. ologist, the wonderful anomaly I had seen. ‘“ Why,” said he, “ only 
look at the young Assessor von Th., yonder; he will show you an 
asymmetry such as you will not meet with every day.” Sure enough, 
this man had a nose which was situated by no means in the middle of 
his face, Thad seen this young man often before, but had never clearly 
made out what it was in his face that impressed me. Now I saw it at 
once: it was the man’s nose; and since then I have come to see that 


74 THE POPULAR SCIENCE MONTHLY. 


only a minority of mankind have their noses right in the middle of 
their faces; and most of us have our noses very much out of place 
without suspecting it. 

But the eyes! Surely, those windows of the soul, can never be 
charged with asymmetry! J used to think Nature had too correct an 
wsthetic sense to do such a thing as that. But I know two persons, 
one of whom, a man, has one eye brown and one blue; the other of 
them, 2 woman, has one eye blue and one black—her hair being brown. 
In such a state of things, all we can say is, that the blending of the two 
parents is under some conditions not perfect. Strictly speaking, this 
too is the ease where southrou and northern, with black hair and blue 
eyes, or with light hair and black eyes, are still in antagonism, and 
where consequently the Darwinian force of inheritance is not yet fully 
established—in other words, where a new race is not yet formed, 
And, in the face of these facts, what are we to think of the eye as the 
“mirror of the soul?” Here one eye flashes and threatens, and the 
other is as mild as the German spring-time, the while only one heart 
beats and throbs in the bosom. Nay, the heart itself is not always in 
its own place; it sometimes occupies the right side of the chest. But 
it is of the eyes I was speaking, and not of the heart. Ido not pro- 
pose to discuss the whole question of the color of the eyes, down to 
albinism; I would simply observe that, as seen through them, the 
world wears a very different aspect for different individuals—a cir- 
cumstance which, however, has nothing to do with asymmetry. Some 
eyes see only complementary colors, e. g., red instead of green; others 
see no color at all, every thing appearing to them like a copperplate 
engraving. 

But color, too, has its caprices, as shown in the hair. I once asked 
an acquaintance why he did not allow his mustache to grow. His 
reply was, because on one side it was light brown, and on the other 
white; and he bade me look at his eyebrows, where I would find at 
least a partial confirmation of what he said. In fact, my friend had 
not stated the whole truth, for the dualism was faintly discernible even 
in the hair of his head. When a boy, I knew a whole family, the 
young members of which had each on the poll one or two locks of 
white hair. It was but yesterday I discovered, among my Christian 
neighbors, a descendant of Abraham, having black, curly hair, but 
blue eyes, and light eyebrows and mustache—the latter being as be- 
coming to its handsome wearer as if his hair had been brown. Clearly 
areversion from Western race-mixture to the Oriental type! I am con- 
fident that similar anomalies might often be noted if the attention 
were directed to them. 

There are many other facial anomalies, which fail to attract atten- 
tion, because we have grown accustomed to them, We should expect 
the convex cast of one side of the face to fit, line for line, into the con- 
cave cast of the other; but it is doubtful if there is to be anywhere 
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found one single head of this ideal perfection. Neither the contour 
of the cheeks, nor the lines of the countenance, are the same on both 
sides, and they are all the less so because every one unconsciously 
tends to perform many unilateral facial movements, which in time 
cause a divergence between the two sides of the face. Besides, the 
head, projecting as it does freely into air, is more dependent than we 
imagine on wind and weather, Suppose a person were to sit constantly 
at a window, turning one side to the cooler atmosphere out-of-doors, 
and the other toward a hot stove—the result would be a twofold 
growth of the facial muscles. One side of the face might become 
rounded, the other flat or concave; and, though such faces are not un- 
frequent, we do not notice the anomaly, simply because we are acens- 
tomed to it. In the Lapp we have a good illustration of this unequal 
development. Just as the trees of his native land are stunted, so too 
his features become monstrous, irregular, and one-sided: the frontal 
bones are foreed, as though by spasm, down on the maxillaries, pro- 
ducing the most singular combinations and contortions of the features. 
A not uncommon form of asymmetry, in more favored lands, is the 
presence of a dimple on one cheek, while the other has no such inden- 
tation, or but a very faint one. In such cases the face has, as it were, 
a summer and a winter side, just like the apple, which is round and 
ruddy on its summer side, but on the shade-side flattened and wan. 

We are too much inclined to regard these phenomena of asymmetry 
as merely accidental, whereas the fact is that they are the result of a 
universal law. Take, for instance, the case where the mustache is 
longer or thicker on one side of the lip than on the other; the law is 
everywhere the same: nothing is like any thing else, as Goethe has 
said. Throughout the entire organic world, and even down to the in- 
organic creation, down to the world of erystals, nothing that wears a 
specific form attains the full perfection of that form. I once requested 
a friend of mine, a mathematician, to reduce to a single formula the 
curves of anivy-leaf Ile spent weeks in measuring and calculating, 
but at last gave up the undertaking as an impossibility: no leaf was 
like another. Indeed, were Nature’s forms ideally perfect, the result 
would be primness rather than beauty. Observe how powerfully the 
expression of the face is affected by the asymmetry between the upper 
and lower rows of teeth. The position of the eyes at equal distances 
on each side of the median line of the face—the nose—might seem to be 
indispensable for beauty, and yet how very rarely are the eyes placed 
with perfect symmetry! The wonder is, that these asymmetries of 
the face should be, after all, so slight as they are, considering how 
serious are the impediments placed in its way by the requirements of 
bodily growth. That the two halves of our body should grow so uni- 
formly as they do, except in a very few instances, is the best evidence 
of the absolnte unity of this form of organism, which is based on the 
vertebral column, and developed along with it. 


« 
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The arrogant spirit of man reyolts against the idea of its so-ealled 
bodily shell being a mere natural produet, just like every other organ- 
ized structure; but, for all that, the universal morphological law still 
remains. Art alone transcends all the requirements of natural pro- 
duction. Where art comes in play, the individual disappears; the 
contingent gives way before the eternal, the permanent. But this is 
a harmony that is never attained by Nature—Die Natur. 


THE CONFESSION OF A REFORMED SMOKER. 


A RECORD OF OBSERVATIONS AND EXPERIMENTS CONCERNING THE PHYSIOLOGICAL 
ACTION OF TOBACCO. 


By FRANCIS GERRY FAIRFIELD. 


N submitting the following observations as to the physiological 
efiect of smoking, it is not my intention to discuss the tobacco 
question in an exhaustive manner, but, on the other hand, to limit my 
remarks to experiments tried and recorded in the course of the year 
euding July 10, 1874, and to the more general memoranda of the pre- 
vious twelve years, during which the habit was formed, and, with 
the exception of brief paroxysms of abstinence, steadily developed. 
Many will no doubt dissent from the conclusions at which I arrived: 
to whom I have only to reply that my observations and experiments 
have not been, save in a cursory memorandum now and then, extended 
beyond my own person, and represent uniquely the manner in which 
IT have been individually affected by habitual smoking. So far as I 
have any opinion to express, it consists of induction from actua] x- 
periments, and of inferences from actual symptoms; and, if I seem to 
leave many points undetermined, it must be set down to the faet that 
they are not within the scope of the particular method I have fol- 
lowed. That tobaceo differently affects different temperaments there 
isno doubt. That different grades and qualities of tobaceo differ ma- 
terially in their physiological action, in manner and symptom, if not 
essentially, is demonstrated by experiment. In smoking, even, to say 
nothing of other forms of the tobacco-habit, it makes a material dif- 
ference whether the same quality is used in conjunction with the pipe 
or consumed in the form of the cigar—a fact mainly due, no doubt, 
to the escape of the pyreiline, a base of extreme volatility, in cigar- 
smoking, and to its conservation to a greater extent in pipe-smoking. 
Yet, making all due allowances for differences of temperament, for the 
bias of transmitted habit, and for idiosyncrasies developed by special 
circumstances, Iam constrained to the conclusion that, in the majority 
of instances, the habit of smoking is productive of nervous degeneracy. 
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My own case is possibly an extreme one, though not, I am inclined 
to think, to the extent of vitiating its application to the majority, My 
father used tobacco, My grandfather on my mother’s side, a physician 
by profession, whose physical and mental traits I inherit to a consid- 
erable extent, was a moderate smoker; whether my paternal grand- 
father used the weed I have no means of ascertaining. I may add, 
however, that its use is pretty common among the collateral limbs 
radiating from the family trunk, and that there is hence no reason 
for regarding the phenomena in my ease as the results of constitu- 
tional antagonism to the narcotic. 

Ihave been a smoker, or had been up to July, 1874, for thirteen 
years, having commenced at the age of twenty-two, During the first 
three years I was somewhat irregular in my habits, sometimes smok- 
ing & pipe, sometimes consuming cigars at the rate of from three to 
five per day, and sometimes refraining altogether for from three days 
to a week. 

Tam of cerebro-muscular temperament; of slender physique, though 
broad-shouldered ; with great physical endurance conjoined to peculiar 
sensitiveness of nervous organization, am yet not liable to the nervous 
excitability generally associated with sensitiveness. Opium and its 
preparations take their normal narcotic effect in very minute doses, 
inducing langnor and drowsiuess within a few minutes after adminis- 
tration, No tendency to talk precedes narcotism, nor is the slightest 
tendency to fantasy developed by the drug. Jlasheesh acts in a man- 
ner analogous to morphia, bringing on stupor at the moderate dose, 
but engendering none of those deliciously intangible sensations which 
are so generally attributed to its action by Bayard Taylor and others 
who profess to have experimented with it. 

Alcoholic stimulants act limitedly as excitants, but powerfully and 
rapidly as sedatives. I soon fall asleep under the action of whiskey and 
brandy. Wines, also, are generally sedative; but ale acts as a stimu- 
lant to the brain and nerve-ceutres with unerring certainty of effect, 
while its sedative action is long postponed and extremely unreliable. 
Have never used stimulants habitually, or even with ordinary fre- 
quency, Lave taken morphine in quarter-grain doses, or the equiva- 
lent in laudanum, a dozen times, possibly, in the course of as many 
years. Am regular in my habits, temperate, and accustomed to pro- 
tracted intellectual effort ; inherit a narcotic tendency from my father, 
which exhibits itself in peculiar psychical phenomena whenever de- 
fective nutrition or protracted nervous tension is permitted. 

One idiosyncrasy is worth noting at this stage of the narrative. 
Although I have smoked habitually for ten years, I have never been 
able to take tobacco in my mouth without violent nausea, or even to 
retain a cigar between my teeth; and have always been compelled to 
remove my cigar frequently from my lips and to carry it between my 
fingers, when not in actual use. In short, the slightest and most mo- 
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mentary contact of tobacco with the nerves of taste produces instant 
and uncontrollable nausea, though I am exceedingly fond of smoking, 
and have always been reckoned a connoissenr in flavors, I should 
add, however, that offensive sights, as of a person deformed or idiotic, 
and offensive odors, have the same effect, and instantaneonsly produce 
violent nausea. 

The physiological effect of tobacco, when I first began to use it, 
was intense and disagrecable, producing contraction of the pupil of 
the eye, dizziness, labored breathing, and considerable tendency to 
spasms; and as these symptoms were more marked with the pipe than 
with the cigar, in which the pyricline is mostly disengaged by the sur- 
rounding atmosphere, I conclude that they were due in the main not 
to the nicotine, but to the pyrieline and picoline bases, which are more 
immediately responsible for the first poisonous action of tobacco-juice 
when swallowed. Their action is more rapid when taken internally 
than when snbentaneously injected ; and, though substantially iden- 
tical with that of nicotine, is rather less distinctly narcotic, rather less 
immediately nervous, and rather more definite in its tendency to pro- 
duce convulsions. As the nerves become habituated to the narcotic, 
a state of pleasant and exhilarated reverie, after smoking a few min- 
utes, superseded the more obtrusive symptoms, and lasted sometimes 
half an hour or more, when languor supervened ; and, as the habit he- 
came settled, it was accompanied by a mental aura, marked by gen- 
eral tendency to abstraction, and by a dreamy, metaphysical habit of 
thought. Vague generalizations took the place of real observation in 
the physical sciences to a greater extent than is compatible with prog- 
ress in physics. I was intolerant of particulars, and impatient with 
nicety of discrimination, although I had previously been of extremely 
analytic habit, and noted in the academy and at college for subtilty 
as an algebraist. I had my logic of shadows and reveries, and was, 
withal, a little inclined to mysticism after the German pattern, and to 
vast theological speculations. 

At the same time there was some gain in repose of nerve from the 
use of the weed, and some trifling gain in mental concentration, par- 
ticularly as respected the study of Hegel, Schelling, Kant, and the 
German metaphysicians at large, which happened just then to be in 
my way. Hegel’s anima mundi and I were on terms of familiar in- 
timacy, and Schelling’s fine discrimination between the different shades 
of shadows was accepted as really valuable in its contributions to philo- 
sophical literature. J mean no disrespect to Hegel and Kant, whose 
definition of life as self-aim has the merit of brevity, and will, perhaps, 
by-and-by, have to be incorporated into biology; only generalizing 
is by so many degrees easier than investigation that men come, I 
think, sooner or later—some sooncr, some later—to have a kind of 
contempt for mere metaphysical speculation, however imposing its 
painted bubbles of imagined reality, and to long for a little truth 
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founded on fact, not on mysterious trains of ratiocination, having no 
basis except an introspective one. 

On the other hand, there was some loss of sympathy with life. The 
actual was hazy and Rembrandtish. Day in and day out I speculated 
on Hegelian nothings—mere dodges in words—as if they had been un- 
derlying principles; and it was not until years after, when the passion 
for physics had possessed me, that it occurred to me that the anima 
mundi was but an ancient whim under a new name, and that the in- 
finite potentiality which the Hegelists talk about was simply a symbol 
in nine syllables for something that in plain English (or German) is 
expressed in one—a gain in grandeur of phrase to be sure, but no real 
gain in other respects. 

That these paragraphs fairly contrast the psychological exponents 
of the tobacco-habit with the vormal condition of my mind, I have 
been able to satisfy myself by many experiments. By refraining from 
the use of tobacco for three or four weeks, on a few occasions longer 
than that, I have returned to the old dramatie sympathy with life ; 
while, by taking up the habit again, I have leaped in a day from the 
one condition to the other. This experiment I have repeated many 
times within the past five years, always with the same transition from 
one series of psychological experiences to the other and very ditlerent 
series. I fancy Nero must have been a smoker, though there is no 
record of tobacco in those days; for a great deal that passes for firm- 
ness, and not a little that passes for cruelty, in this world, is but the 
apathy of narcotism in its maturer stages. Indeed, it is an open ques- 
tion whether the tobacco-habit was not largely instrumental in engen- 
dering the peculiar stoicism of the American Indian and in promoting 
its culture. 

As the process of narcotizing is persisted in, languor attacks the 
will, there is sinking at the heart on waking up in the morning, the 
system craves stimulants with a mighty and unappeasable craving, 
and the motor centres respond but numbly to the motions of con- 
sciousness. The incapacity to recolleet that marks the advanced stage 
is clearly the result of languid volition, engendered by torpor of the 
motor centres, 

These symptoms indicate that the great nervo-vital centre, the me- 
dulla oblongata, which distributes its forces alike to body and brain, 
cobrdinated now as vital phenomena, now as psychical phenomena, is 
more or less involved, and that vital paralysis is liable to supervene at 
any juncture. But even at this stage the symptoms yield so rapidly 
to abstinence as to leave no doubt in my mind that the specific influ- 
ence of the tobacco is trausmitted directly to the great vital tract by 
means of the pneumogastric nerve. The depressed action of the heart, 
long before the cerebral centres are involved, points directly to this 
conclusion, and the augmented gastric and salivary secretions indicate 
the same avenue of action. The tendency to congestion of the lungs 


80 THE POPULAR SCIENCE MONTHLY, 


that accompanies the tobacco-habit also sustains this hypothesis; and 
this may be produced in animals Ly introducing a very minute dose 
of decoction of tobacco into the system by way of the mouth, while 
subentaneous injection is not equally rapid in producing this special 
result, nor, indeed, in producing death. Nor have I any doubt, from 
the few experiments I have tried, and the many I have witnessed, that, 
in opium-smoking, the pecnlar symptoms are occasioned by a similar 
action of the vapor of the drug (on the medullary tract by way of the 
pheumogastric nerves), The olfactory nerves are, of course, more or 
less affected, and transmit the specific influence of either drug directly 
to the interior lobes of the brain; but experiment and observation 
alike tend to the conclusion that, though dizziness is somewhat accel- 
erated by this action, it is trifling even in its cerebral effect, and that 
the great thoronghfare of activity is by way of the pneumogastrie. 
The disturbances in locomotion arising from tobacco are thus sec- 
ondary ettects propagated, not by way of general nervous disturbance, 
but by direct appeal to the great cobrdinating centre, the cerebellum, 
through the near-lying and directly-connected vital tract. The ver- 
tiginous symptoms that accompany disturbances of the latter class 
must not be confounded with those that originate by way of the olfac- 
tory nerves, as the whirling sensation is far more marked and distinet 
in cerebellar disturbances, while the tendency to unconsciousness is 
somewhat less so. 

I am, in these remarks, let it be understood, simply giving the 
results of my own observations on my own person during the last 
thirteen years; and my conclusion, from the masses of data thus ac 
eumulated, is, that the great sensory and motor tract of gray neurine, 
known as the cortex, is not at all involved in the primary stages of the 
narcotism induced by smoking, though the reverse is often clearly true 
in the instance of opium, with its surer and swifter cerebral cffeet. 
Others may be very differently affected by habitual smoking. I sim- 
ply contribute my leaf to the record; and, although I-am not satisfied 
that the tobacco-habit ever produces neurosis, I am satisfied that it is 
often the exciting cause of nervous disorder in cases where the neu- 
rotic tendency exists, and that in these cases it is productive some- 
times of morbid moral phenomena, in a degree only less marked than 
the epileptic aura, and penetrating to the very roots of volition and 
ethical emotion. My opportunities for observation in hospitals and 
asylums have not been extensive cnough to permit me to pronounce 
definitely on the point I am about to suggest; but it is my impression 
that the Jarvated type of epilepsy occurs more frequently than any 
other among persons addicted to tobacco, and that the habit is very 
generally influential in the larvation of nervous maladies. Statisties 
only ean settle this issue, which must be left to the consideration of 
medieal psychologists, 

In order that the lay reader may clearly apprehend the various 
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bearings of the facts, and the intimate relation of the diverse symp- 
toms to each other in tobaeco-sickness, it is, perhaps, neeessary to 
map out the pueumogastric nerve and indicate its function, which is 
not fairly dedueible from its name, The origin of nearly every pair 
of cranial nerves has been traced into the vital bulb, the medulla’ ob- 
longata, or continuation and expansion of the spinal cord as it passes 
into the cranium, to blossom into the complex strueture of the brain. 
This tract enters the cranium in six bodies, united in a bulb, and 
continuing the six strands of the marrow, namely—the two pyramidal 
eontinning the anterior white strands of the spinal stem, the two 
olivary the interior and partly lateral strands of gray nenrine, and 
the two restiform (corpora restiforma) the posterior white strands. 
There are two ways of dissecting a brain, each of which has merits 
of its own for special purposes. The first and more general consists 
in examining the encephalie mass from above downward, by remov- 
ing it in suceessive slices. For deseriptive anatomy, and for patho- 
logical examination, this method is perhaps preferable. The second 
consists in examining and unraveling the structure from the spinal 
bulb upward, by tracing its fascienli as they expand, radiate, and en- 
large; and Iam inclined to think that this method has its advantages 
in tracing the genesis of psychical phenomena. To this bulb all the 
complex activities of the eerebro-spinal axis finally refer themselves : 
it is properly the calyx from which spring the three ganglionic masses 
—the mesocephale, cerebellum, and cerebrum. The par vagum, gen- 
erally known as the pnenmogastrie nerves, spring laterally from this 
bulb, and properly include three pairs of nerves, namely—the glosso- 
pharyngeal, which supply the base of the tongue with sensation, and 
connect and codrdinate the motions of the organ with those of the 
pharynx and of the digestive function; the pneumogastric, which, 
with the preceding, have their origin in filaments springing from the 
groove between the olivary and restiform bodies; lastly, the spinal 
accessory, originating laterally from the medulla spinalis, but joining 
the main stem near its ganglion, and distributed to the lateral muscles 
of the neck. From the cervical tract of this nerve, which is triple in 
its origin, spring filaments or strands. that join the sympathetie and 
lingual nerves, others that proceed directly to the pharynx, and still 
others known as its cardiac ramifications. The superior laryngeal 
nerve, distributed to the upper portion of the larynx, and the recur- 
rent nerve, distributed to the muscles of the larynx, are both portions 
of the pueumogastric system. This pair of nerves passes throngh the 
jugular foramen just anterior to the vein of the same name, and sep- 
arates into three parts. In the foramen it presents a ganglionic ex- 
pansion, and below it a long gangliform swelling which communicates 
with the facial, spinal accessory, sympathetic, glosso-pharyngeal, and 
superior spinal uerves—all of which are here gathered into a kind of 
elongated plexiform bundle. At this point the nerve has the compact- 
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ness and grayish tint of the ganglion. The pneumogastnic portion 
now descends, passing before the lingual nerve and the jugular vein 
for a little distanee, then behind, inclosed in the sheath of the carotid 
artery and jugular, rather closer to the vein than to the artery, to 
which it gives off filaments. The importance of this system will be 
evident when it is stated that it is principally concerned in the coér- 
dination of the functions of deglutition, articulation, respiration, cir- 
culation, and digestion. The three great functions of anima) life, nu- 
trition, respiration, and circulation, are, in briefer terms, mainly co- 
ordinated by the par vagum in its cervical, thoracic, and abdominal 
traets. With the former and its filaments, and to a considerable de- 
gree with the thoracic, the specific influence of the tobaceo has, in 
smoking, a contact exceedingly direct and protracted; and, if the gen- 
eral reader will trouble himself to map out in his own imagination the 
course, ramifications, and connections, of the pnewmogastric system, 
he will see clearly that the congeries of symptoms occasioned by the 
initial cigar follows out, step by step, the complex relations of this 
tract to the vital functions, and that the physical and psychological 
exponents of the habit in its established stages are, similarly, the 
natural results of narcotism of this system, and of the great vital 
centre from which it springs. 

Yo these general facts of observation let me now append the de- 
tails of a series of experiments : 

Thad been an inveterate smoker for eight years, when, in the sum- 
mer of 1872, certain symptoms resembling those of writer’s cramp 
attacked the right arm, and gradually, though to a less alarming 
extent, enveloped the left. Physicians pronounced it a genuine case 
of writer’s cramp; but, owing to the persistent absence of certain 
symptoms, among them brittleness and want of color in the finger- 
nails, I was slow to accept the conclusion. There was reason enough 
why excessive scribbling should bring on the affection; but I was, 
nevertheless, doubtful, though I so far complied with the prescription 
as to have recourse to the ordinary electrical appliances insisted upon 
by Dr. Poore, in his admirable essays on the subject, which embody, 
in brief form, the memoranda of an expert of some years’ practice, 

As I half anticipated, the application was without material benefit, 
Tonics and nervines proved equally inefficacious, and for a year, with 
short intervals of relief, aftairs did but get worse and worse. Blue 
ink, clastic pen-holders, and broad-nibbed pens, were altogether inca- 
pable of ameliorating the affeetion or mending the scrawling, irregular 
handwriting that resulted from it; and so essential is it that the hand 
and mind should work together in a kind of rhythm, in order to form 
a good style, or to preserve it when formed, that any affection of the 
nerves of the arm that breaks up this rhythm is nearly as fatal to the 
poet, essayist, and novelist, as to the artist or the pianist; and I soon 
found my sentences as cramped and dissonant as my manuscript. 
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In October, 1873, I started for the country on a brief furlough, hay- 
ing served through the heat of the snmmer as a member of the stat? 
of the Lvening Post, and, not finding the tobaceo to my liking, was 
forced to be exceedingly temperate for several weeks. Slowly, yet 
perceptibly, the affection of the arms wore off The hand and fore- 
arm were less numb when J woke up in the morning, and my hand- 
writing began to assume its former continuity. This I attributed at 
first to rest, fresh air, and freedom from worry—an error in the main, 
as will presently appear, though a very natural one under the circum- 
stances, 

Thad been at home four or five weeks when I succeeded in supply- 
ing my commissary department with a sufficiency of the weed of the 
required quality, in the mean time smoking a little undoctored Con- 
necticut leaf, when the craving became too strong to be comfortably 
resisted, but consuming, probably, less than two ounces a week. Upon 
resnming my usual quantum, and within twenty-four hours after the 
resumption, my arms were as troublesome as ever, and no rest in the 
least availed to soften the shooting pains or dissipate the numbness 
(penetrated as if with lances of neuralgia) that enveloped the arm 
from the wrist to the shoulder. I was thoroughly dispirited, and con- 
templated shifting my profession and applying for admission to the 
bar. I did not yet suspect the relation between the tobaceo-habit and 
the malady under which I was suffering. 

Remaining in the country, however, longer than I at first intended, 
my supply of the weed ran out; and I was again reduced to vulgar 
rations of Connecticut leaf, of which I consumed the smallest quantity 
possible. The consequence was an immediate reduction of the pain 
and numbness in my arms, In the course of this somewhat intermit- 
tent use of the narcotic, I observed also that a certain cloudiness of 
recollection, and a slight tendency to aphasia—the latter due, probably, 
to action on the lingual nerve—followed the resumption of the full 
dose after an interval of abstinence, the former interfering materially 
with the opulence of illustration necessary to a good style, the latter 
annoying me now and then with slips of the tongue in ordinary con- 
versation. 

At this stage of the investigation, with the barest suspicion in my 
mind that tobacco was responsible for most of the ills my flesh had 
fallen heir to, or rather my nerves, I returned to New York in the 
latter part of December, and initiated a series of experiments, with a 
view to test the physiological action of the various brands, and to 
verify or disarm the suspicion, 

December 26th.—Proeured a quantity of Cuban tobacco known as 
Honradez, an extremely fine brand, and put myself on a ration of half 
an ounce per day. Continued this regimen for twelve days, without 
perceptible alteration in the symptoms so far as my arms were con- 
cerned, 
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29th.— After three days of Honradez regimen, slight tendency to 
tremor and sleeplessness, with exceeding dryness of the membrane 
lining the nose. 

January 1st,—Accelerated tendency to tremor and sleeplessness. 
Went to bed at eleven o’clock, but did not finally lose myself until 
after the clock struck one; then wandered off into dream-land instead 
of dropping to sleep in the normal way. Dreams of a queer, trance- 
like cast, with oceasional starts, (I should interpolate here that I 
usually fall asleep very quickly after going to bed, and sleep very 
soundly.) 

4th,— Augmented tendency to tremor and sleeplessness, with occa- 
sional secousses of the limbs. Arms still as benumbed as ever, but 
with an uncomfortable tendency to jerk, Went to bed at eleven 
o’cloek, but lay awake till after the clock strnck three; then fell into 
.a fitful but trance-like slumber. 

5th.—Came out of my drowse by slow degrees, and breakfasted 
about ten o’clock. Irritable and peevish. Tried to write after break- 
fast, but my hand was too shaky. Smoked a pipe of Honradez, which 
seemed to subdue the tremor, 

7th.—Increased tremor and sleeplessness, Went to bed as usual 
at eleven, but could not sleep. Took an anodyne (bromide of potash) 
at halftpast three o’clock, and slept soundly until eleven the next 
morning. 

T now increased the ration of Honradez to three-fourths of an ounce 
per day, with an intensification of the symptoms so rapid and deter- 
minate as to leave no doubt of their origin. I was wild with nervous- 
ness, yet could not sleep soundly, and invariably woke up in the morn- 
ing with a more or less pronounced pain in the region of the corpora 
striata (across the forehead) shooting downward and backward to 
the base of the brain; but the symptoms were still limited to the 
motor tract (the corpora striata and its connections), and there were 
no perturbations of the sensory. 

Weighed 121 Ibs, 3 oz. when I commenced the experiment, and 120 
Ibs. 24 oz, when it was concluded. Jt should be unnecessary to add 
that a ecarefully-regulated dietetic regimen accompanied the experi- 
ments from beginning to end, securing at once fullness and variety of 
nutrition. 

11th.—Refrained altogether from the use of tobacco. Fell asleep 
several times during the day. Went to bed at a quarter before 
eleven, and was asleep before the clock struck. Slept, with occasional 
whiffs of dream, until half-past eight in the morning. Continued to 
abstain for ten days, the nervous system gradually recovering its tone, 
and the hours of sleep slowly retracting until they fell to a trifle less 
than eight. An increased craving for food, and relish for it, followed 
the first day’s abstinence, and on the morning of January 12th I ate 
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my broiled steak and drank my eup of coffee with a relish to which I 
had long been a stranger. The longing for tobacco did not reeur 
strougly until the third day, when it was so importunate that, had I not 
been trying an experiment, it would have triamphed over all scruples. 

Mentally, during the ten days, I was as one coming to himself 
after a long drowse—an Epimenides recovering trom weeks of trance ; 
and, after the third day, during which I suttered from a dull, coutin- 
uous pain at the base of the brain, in the medullary rather than the 
cerebellar region, the numbness began to disappear from the arms, 
which continued to improve pending the progress of the experiment. 

21st,—Weighing 122 lbs. 6 0z., put myself on an allowance of three 
Reina Victoria (Regalia) cigars per day, one after each meal, and con- 
tinued the regimen forten days, with the same general result that had 
followed the pipe and Honradez regimen, but somewhat less marked 
in its nervousness and tendency.to tremor. 

31st—Weighed 120 lbs. 15 0z., and smoked imy last Reina Victoria, 

Fvbruary 1st.—Commenced another ten days of abstention, with 
recovery from the symptoms, at the expiration of which my weight 
was 122 Ibs. 18 02. 

11th— Placed myself on an allowance of a quarter of an ounce 
perique per day. The first day I suffered from dizziness after 
smoking, and from slight nausea while in the act. These symptoms 
disappeared on the second day. The use of this tobacco (a strong 
Louisiana variety) was not attended with the marked tendency to 
tremor and sleeplessness incident to Honradez, but with a marked 
narcotism of the motor tract, and a marked vital depression—the spe- 
cific action, no doubt, of its excess of nicotine on the great nervo-vital 
centre, the medulla oblongata, On the fourth day a peculiar sinking 
at the heart kept me in bed half an hour later than usual in the morn- 
ing, but a cup of strong coffee taken in bed dissipated the lassitude 
and restored the vital energy, The numbness in my arms grew more 
and more pronounced every day, until it required some minutes in the 
morning with the flesh-brush to readjust the circulation; and with this 
came a tendency of the legs to fall asleep, showing obstructed nervous 
circulation, to be followed, in the nature of things, by defective nutri- 
tion and ultimate paralysis. During the last two days of the experi- 
ment the vital depression became so oppressive that I resorted to 
brandy in doses of a tablespoonful three times a day. Lost 1 Ib. 114 
oz, during the experiment. 

Disearding the perique, with its excess of the nicotine, I now lim- 
ited myself to three pipes of Honradez per day, with a resultant con- 
sumption of two ounces a week. This regimen J maintained until the 
first of April, when I put myself on a daily allowance of a quarter of 
an ounce of Virginia cavendish ; bnt the vital depression was so rapid 
that [ desisted from the experiment after four days of lassitude. 

April 10th—Left New York for the country a thorough valetudi- 
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narian ; and, after abstaining for a few days, with a rapid recovery 
from the symptoms, commenced to smoke a specific allowance per day 
of Connecticut, four pipes in faet, which I continued until the first of 
June, with less vital depression than was produced by perique and 
cavendish, but with a distinct tendency in that direction, and with a 
more marked cloudiness of recollection than had followed either. 

June 1st,—W ithdrew the allowance of leaf and commenced to smoke 
irregularly an occasional cigar, scarcely one per day on the average, 
and to note the effect. The vital depression consequent upon a single 
cigar was often so great as to compel resort to quinine in two-grain 
doses. Finally, discarded the habit altogether, with sufficient benefit 
to the arms to assure me that the symptoms were contingent on the 
nse of tobacco. The numbness had almost disappeared in three weeks 
of abstinence ; I began to wake up refreshed in the morning, not in a 
vital swoon. My weight, July 10th, was 125 lbs. 3 0z., and [ regarded 
myself as thoroughly convalescent of the habit, though still a Laocoon 
struggling with his serpents. <A violent agitation of the mucous mem- 
brane lining the nose has, I should have stated in its proper place, at- 
tended every withdrawal of the narcotic, supervening on the second 
day. The throat has also been considerably affected at these crises, and 
all the phenomena of a violent cold have been brought on in a few 
hours ; but whether these effects have been mainly due to the with- 
drawal of the heat evolved in smoking, or to recovery of the mem- 
brane from local nareotism, or whether in part to both, I cannot ven- 
ture to say. 

Omitting all details of analysis of different tobaccos as too familiar 
for repetition, my experiments have led me to conclude; 

1. That nicotine is the special agent concerned in vital paralysis 
and in disturbances of muscular codrdination, and that its action 
upon the medullary centres is propagated by way of the pneumo- 
gastric nerve; that the cerebellar centres (codrdinating the muscles 
concerned in locomotion), and-the corpora striata (or great motor 
ganglia of the cerebrum), are next affected ; in other words, that the 
motor tracts follow the vital in yielding to the influence of the poison. 

2. That the cortex of the brain is the last to be affected by nico- 
tine, but is more specifically affected by the pyrieline, picoline, and 
collidine bases. Hence the difference in physiological action between 
Honradez, with its minimum of nicotine, and periqne and cavendish, 
with their excess; also the analogous difference between Havana 
cigars and cigars manufactured from Connecticut leaf, 

3. That smoking is often the exciting cause of the various neuroses, 
and always a fruitful source of local aneurism, by impairing the ner- 
vous circulation and laying the foundation for defective uutrition in 
various directions. Cessation from tobacco should be made a con- 
dition precedent to medical treatment in writer’s cramp and nervous 
affections of that type (the paralytic). 
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Lam not going to take any radical ground on the tobacco question 
in its general aspects. Every man must judge for himself, and experi- 
ment for himself, as to the physiological action of the weed. I have 
simply réecorded my own experiences aud experiments, and the con- 
clusions to which they have impelled me. I will not even say that I 
shall never smoke another cigar, for temptations are often strong and 
sudden ; but I will say that, in such an event, I should regard myself 
as the victim of a nervous infirmity, not as one merely indulging him- 
self in a harmless and pleasant Inxury—of a devil far easier to get out 
of the bottle, to apply a Moslem legend, than to get back and eork in 
again. 


WOMAN SUFFRAGE AS AFFECTING THE FAMILY.’ 


By J. E, CATRNES, 


PROFESSOR OF POLITICAL ECONOMY IN UNIVERSITY COLLEGE, LONDON. 


NOW turn to a side of the question on which Mr. Smith lays very 

great stress, and of which Jam not in the least disposed to under- 
rate the importance—the extension of the suffrage to married women, 
I do not yicld to Mr. Smith, or to any one, in the firmness of my con- 
viction that the family is at the bottom of our existing civilization, 
and I should, for my part, regard as dearly purchased any gain in ma- 
terial or political well-being which should introduce a jar or weakness 
into this pivot of our social system. But I believe that to open politi- 
eal life to women, far from being fraught with the disastrous conse- 
quences Mr. Smith anticipates, would, taking things in their entire 
scope, be productive of quite opposite effects. If I were asked to 
name the principal element of weakness in the family as things now 
stand, I should have no hesitation in pointing to the want of sufticient 
subjects of common interest between man and woman. It is owing to 
this that matrimonial engagements are entered into so rarely on the 
basis of any broad intellectual sympathy, sueh as might furnish some 
security for lasting affection, and so often at the bidding of impulses 
and fancies that do not outlive the honey-moon; and it is owing to the 
same cause that so very large a proportion of the lives of most hus- 
bands and wives are spent practically apart, with little or no knowl- 
edge on the part of either of the objeets or aims that engross the 
greater portion of the other’s thoughts and energies. That under such 
circumstances the marriage-tie is, on the whole, maintained as well as 
it is, seems rather matter for wonder; and to argue that the intro- 
duetion of a new source of very profound common interest for husband 
and wife must of necessity weaken the bond, is, in my opinion, to 


1 Extracted from an article in Mucmillan’s Magazine for September, in reply to Gold- 
win Smith, 
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evince a singular inability to appreciate the real dangers now besct- 
ting the institution. It is true, no doubt, that every new subject of 
common interest for husband and wife must, from the nature of the 
case, constitute also a new possible oceasion for disagreement ; but, if 
this is to he accounted a good reason for exeluding women from poli- 
ties, they might with equal justice be excluded from literature, from 
the fine arts, from every thing in which men also take an interest— 
above all, from religion. The value of these several pursuits as bonds 
and cements of married life is just in proportion to the degree of com- 
mon interest which husbands and wives take in them, and just in the 
same proportion also is the possible danger that they may become the 
grounds of dissension. Mr. Smith is greatly scandalized at the pros- 
pect of a man and his wife taking opposite sides in politics. I cannot 
see that it would be at all more scandalous than that a man and his 
wife should take opposite sides in religion—going, for example, every 
Sunday to different places of worship, where each hears the creed of 
the other denounced as soul-destroying and damnable. It will serve 
to throw light upon the present problem if we consider for a moment 
how it happens that this latter spectacle is on the whole so rarely 
presented, and that, even where the event occurs, it is so frequently 
found consistent with tolerable harmony in married life. The explana- 
tion, IF have no doubt, is of this kind: where difference of religion con- 
sists with matrimonial happiness, it will generally be found that one 
or both of the partners do not take a very deep interest in the creeds 
they profess; while, on the other hand, where people do feel strongly 
on religion, they generally take care, in forming matrimonial alliances, 
to consort with those who, on fundamental points, are of the same 
opinion with themselves. Now, it seems to me that this may serve to 
illustrate for us what will be the practical working of polities in re- 
spect to married life when women begin to receive a political educa- 
tion, or at least to learn as much about politics, and take as much or 
as little interest in them, as men do. A number only too large of men 
and women will probably continue for long enough to take but small 
interest in public affairs, and these will marry, as they do now, with 
little reference to each other’s political opinions; but the danger of 
discord from politics under such circumstances would be infinitesimal, 
The only cases in which this danger would become serious would be 
when both husband and wife were strong politicians. TLere, no doubt, 
there would be danger; though no greater, I think, than when two 
persons of strong but opposite religions convictions enter into mar- 
riage. Mr, Smith seems to think that, beeanse “ religion is an affair 
of the other world,” it is less likely than politics to be an occasion of 
strife. Thisis probable enough when people do not believe in another 
world; but when they do, and believe also that the fate of people 
there will depend on what they believe in this, I cannot see the wis: 
dom of his remark, Some of the worst and cruelest wars that have 
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ever been waged have been religious wars; and so notoriously is re- 
ligion an engenderer of strife, that it is now scarcely good manners to 
moot a religious question in private society, where polities are quite 
freely and amicably discussed. If persons of genuine but different re- 
ligious opinions ean contrive to get on together in married life, they 
would certainly not be likely to be severed by politieal differences, 
however strongly their opinions might be held, But, however this 
may be, my argument is that, in practice, such cases would very rarely 
occur. When politics beeame a subject of interest alike for men and 
women, it would very soon become a principal consideration in deter- 
mining matrimonial alliances. Even now this is the case to some 
extent, and it will no doubt beeome more and more so as the politi- 
ea] education of women advanees. Mr. Smith’s question, therefore, 
“Would the harmony of most households bear the strain?” may be 
answered by saying that in very tew households would there be any 
strain to bear; while in most—at least in those in whieh politics were 
intelligently eultivated—home-life, no longer the vapid thing it is so 
often now, would aequire a new element of interest, and the family 
would be held together by powerful sympathies that now lie unde- 
veloped. 

Mr. Smith seems to think that, if women are only excluded from 
the suffrage, the harmony of married life ean never be endangered by 
polities; but this is to attribute to the mere right of voting a degree 
of efficacy which I, for one, am not disposed to allow to it. If women 
only eome to take an interest in politices—it matters not whether they 
have the suffrage or not—all the danger that ean arise from the suf 
frage to married life will be already ineurred. It is not the giving 
of a vote every four or five years that constitutes the danger, if dan- 
ger there be; but the habitual mental attitude of husband and wife 
toward each other. Those, therefore, who share Mr. Smith’s appre- 
hensions on the present subject, ought clearly to take their stand 
against the suffrage movement very mueh higher np. They ought to 
oppose every extension of female education which may reasonably be 
expected to lead women to take an interest in politics, The intelli- 
gent study of history should, in the first place, be rigidly proseribed. 
Political economy would be exeluded as a matter of course; and, 
along with it, that large and increasing elass of studies embraced un- 
der the name “social.” Every one of these, intelligently cultivated, 
leads inevitably, where faculty is not wanting, to an interest in con- 
temporary politics; and if women are to be shut ont from this field of 
ideas, lest perehance they should adopt opinions which should not be 
those of their future husbands, their education ought at once to be 
truncated by this large segment. Mr. Smith, indeed, suggests that 
women who are capable of diseussing political questions “will find a 
sphere in the press.” Does he then suppose that there would be less 
danger to the harmony of married life from women writing in the 
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press—writing leaders, perhaps, for strong party papers—than from 
tendering a vote at the polls every four or five years? Besides, the 
suggestion falls utterly short of the requirements of the case. The 
number of women whe are capable, or who desire, to find a sphere in 
the press are never likely to be more than a handful: the number who 
desire a liberal education, in the best and broadest sense of that word, 
and who are or may become quite fitted to form sound opinions on 
political questions, are already to be numbered by thousands, perhaps 
I might say by tens of thousands: what their numbers will become in 
another generation, I will not pretend to conjecture. My. Smith’s 
suggestion, therefore, though graciously meant, is hardly to the pur- 
pose. Plainly, nothing short of lopping off from the education of 
women some of the most important branches of human knowledge 
will meet the difficulty. 


JOSEPH PRIESTLEY.’ 
By T. H. HUXLEY, LL.D., F.R.S. 


F the man to perpetuate whose memory we have this day raised a 
statue had been asked on what part of his busy life’s work he set 
the highest value, he would undoubtedly have pointed to his volumi- 
nous contributions to theology. In season and out of season, he was 
the steadfast champion of that hypothesis respecting the Divine na- 
ture which is termed Unitarianism by its friends and Socinianism by 
its foes. Regardless of odds, he was ready to do battle with all 
comers in that cause; and, if no adversaries entered the lists, he would 
sally forth to seek them, 

To this, his highest ideal of duty, Joseph Priestley sacrificed the 
vulgar prizes of life, which, assuredly, were within easy reach of a 
man of his singular energy and varied abilities. For this object he 
put aside, as of secondary importance, those scientific investigations 
which he loved so well, and in which he showed himself so competent 
to enlarge the boundaries of natural knowledge and to win fame. In 
this course, he not only cheerfully suffered obloquy from the bigoted 
and the unthinking, and came within sight of martyrdom, but bore 
with that which is much harder to be borne than all these—the un- 
feigned astonishment and hardly disguised contempt of a brilliant 
socicty, composed of men whose sympathy and esteem must have been 
most dear to him, and to whom it was simply incomprehensible that 
a philosopher should seriously oceupy himself with any form of Chris- 
tianity. 

It appears to me that the man, who, setting before himself such an 


1 An Address delivered on the oceasion of the presentation of a statue of Priestley to 
the town of Birmingham, August 1, 1874. With some additions. 
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ideal of life, acted up to it consistently, is worthy of the deepest 
respect, whatever opinion may be entertained as to the real value 
of the tenets which he so zealously propagated and defended. 

Bat Lam sure that I speak not only for myself, but for all this 
assemblage, when I say that our purpose to-day is to do honor, not to 
Priestley, the Unitarian divine, but to Priestley, the fearless defender 
of rational freedom in thought and in action; to Priestley, the philo- 
sophie thinker; to that Priestley who held a foremost place among 
“the swift runners who hand over the lamp of lite,” ? and transmit 
from one generation to another the fire kindled, in the childhood of 
the world, at the Promethean altar of Science. 


The main incidents of Priestley’s life are so well known that I need 
dwell upon them at no great length. 

Born in 1733, at Fieldhead, near Leeds, and brought up among 
Calvinists of the straitest orthodoxy, the boy’s striking natural ability 
led to his being devoted to the profession of a minister of religion ; 
and, in 1752, he was sent to the Dissenting academy at Daventry—an 
institution which authority left undisturbed, though its existenee con- 
travened the law. The teachers under whose instruction and influ- 
ence the young man came, at Daventry, carried out to the letter the 
injunction to “try all things; hold fast that which is good,” and 
encouraged the discussion of every imaginable proposition with eom- 
plete freedom, the leading professors taking opposite sides; a disci- 
pline which, admirable as it may be from a purely scientific point of 
view, would seem to be.calculated to make acute rather than sound 
divines. Priestley tells us, in his “ Autobiography,” that he generally 
found himself on the unorthodox side: and as he grew older, and his 
faculties attained their maturity, this native tendency toward hetero- 
doxy grew with his growth and strengthened with his strength. He 
passed from Calvinism to Arianism ; and finally, in middle life, landed 
in that very broad form of Unitarianism by which his craving after a 
eredible and consistent theory of things was satisfied. 

On leaving Daventry, Priestley became minister of a congregation, 
first at Needham Market and secondly at Nantwich; but whether on 
account of his heterodox opinions, or of the stuttering which impeded 
his expression of them in the pulpit, little success attended his efforts 
in this capacity. In 1761 a career much more suited to his abilities 
became open to him. He was appointed “tutor in the languages ” in 
the Dissenting academy at Warrington, in which capacity, besides 
giving three courses of lectures, he taught Latin, Greek, French, and 
Italian, and read lectures on the Theory of Language and Universal 
Grammar, on Oratory, Philosophical Criticism, and the Civil Law. 
And it is interesting to observe that, as a teacher, he encouraged and 
cherished, in those whom he instructed, the freedom which he had 


1“ Quasi cursores vital, lampada tradunt.”—Lucnetius, ‘De Kerwin Nat.,” ii, 78. 
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enjoyed, in his own student days, at Daventry. One of his pupils tells 
us that— 


* At the conclusion of his lecture, he always encouraged his students to ex- 
press their sentiments relative to the subject of it, and to urge any objections to 
what he had delivered, without reserve. It pleased him when any one com- 
menced such a conversation. In order to excite the freest discussion, he occa- 
sionally invited the students to drink tea with him, in order to canvass the sub- 
jects of his lectures. I do not recollect that he ever showed the least displeas- 
ure at the strongest objections that were made to what he delivered, but I dis- 
tinctly reinember the smile of approbation with which he usually received them: 
nor did he fail to point out, in a very encouraging manner, the ingenuity or force 
of any remarks that were made, when they merited these characters.  Ilis 
object, as well as Dr. Aikin’s, was, to engage the students to examine and decide 
for themselves, unintluenced by the sentiments of any other persons.” ? 


It wonld be difficult to givea better description of a model teacher 
than that conveyed in these words. 

From his earliest days, Priestley had shown a strong bent toward 
the study of Nature; and his brother Timothy tells that the boy put 
spiders into bottles to see how long they would live in the same air— 
a curious anticipation of the investigations of his later years, At 
Nantwich, where he set up a school, Priestley informs us that he 
bought an air-pump, an electrical machine, and other instruments, in 
the use of which he instructed his scholars. But he does not seem 
to have devoted himself seriously to physical science until 1766, when 
he had the great good fortune to meet Benjamin Franklin, whose 
friendship he ever afterward enjoyed. Encouraged by Franklin, he 
wrote a“ Ilistory of Electricity,” whieh was published in 1767, and 
appears to have met with considerable snecess. 

In the same year, Priestley left Warrington to become the min- 
ister of a congregation at Leeds; and here, happening to live next 
door to a public brewery, as he says— 

“T at first amused myself with making experiments on the fixed air which I 
feund ready made in the process of fermentation, When I removed from that 
house I was under the necessity of making fixed air for myself; and, one experi- 
ment leading to another, as I have distinctly and faithfully noted in my various 
publications on the subject, I by degrees contrived a convenient apparatus for 
the purpose, but of the cheapest kind. 

“When I began these experiments I knew very little of chemistry, and had, 
in a manner, no idea on the subject before I attended a course of chemical lect- 
ures, delivered in the academy at Warrington, by Dr. Turner, of Liverpool. 
But I have often thonght that, upon the whole, this eireumstance was no disad- 
vantage to me; as, in this situation, I was led to devise an apparatus and pro- 
cesses of my own, adapted to my peculiar views; whereas, if I had been pre- 
viously accustomed to the usual chemical processes, I should not have so easily 
thought of any other, and, without new modes of operation, I should hardly 
have discovered any thing materially new.” ? 

1 “Tife and Correspondence of Dr. Priestley,” by J. T. Rutt, vol. i, p. 50. 
> * Autobiography,” $3 100, 101. 
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The first outcome of Priestley’s chemical work, published in 1772, 
was of a very practical character. He discovered the way of impreg- 
nating water with an excess of “fixed air,” or carbonic acid, and 
thereby producing what we now know as “‘soda-water”—a service to 
naturally, and still more to artificially, thirsty souls, which those, 
whose parched throats and hot heads are cooled by morning draughts 
of that beverage, cannot too gratefully acknowledge. In the same 
year Priestley communicated the extensive series of observations which 
his industry and ingenuity had accumulated, in the course of four 
years, to the Royal Society, under the title of “Observations on Dif- 
ferent Kinds of Air?”—a memoir which was justly regarded of so 
much merit and importance, that the society at once conferred upon 
the author the highest distinction in their power, by awarding him 
the Copley Medal. 

In 1771 a proposal was made to Priestley to accompany Captain 
Cook in his second yoyage to the South Seas. He accepted it, and 
his congregation agreed to pay an assistant to supply his place during 
his absence. But the appointment lay in the hands of the Board of 
Longitude, of which certain clergymen were members; and whether 
these worthy ecclesiastics feared that Priestley’s presence among the 
ship’s company might expose his majesty’s sloop Resolution to the 
fate which aforetime befell a certain ship that went from Joppa to 
Tarshish, or whether they were alarmed lest a Socinian should under- 
mine that piety which, in the days of Commodore Trunnion, so strik- 
ingly characterized sailors, does not appear; but, at any rate, they 
objected to Priestley, “on account of his religious principles,” and 
appointed the two Forsters, whose “religious principles,” if they had 
been known to these well-meaning but not far-sighted persons, would 
probably have surprised them. 

In 1772 another proposal was made to Priestley. Lord Shelburne, 
desiring a “literary companion,” had been brought into communica- 
tion with Priestley by the good offices of a friend of both—Dr. Price 
—and offered him the nominal post of librarian, with a good house 
and appointments, and an annuity in ease of the termination of the 
engagement. Priestley accepted the offer, and remained with Lord 
Shelburne for seven years, sometimes residing at Calne, sometimes 
traveling abroad with the earl. 

Why the connection terminated has never been exactly known, 
but it is certain that Lord Shelburne behaved with the utmost con- 
sideration and kindness toward Priestley; that he fulfilled his en- 
gagements to the letter; and that, at a later period, he expressed a 
desire that he should return to his old footing in his honse. Probably 
enough the politician, aspiring to the highest offices in the state, may 
have found the position of the protector of a man, who was being de- 
nounced all over the country as an infidel and an atheist, somewhat 


embarrassing, In fact, a passage in Priestley’s “ Autobiography,” on 
ve ? > a y ? 
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the occasion of the publication of lis “Disquisitions relating to Mat- 
ter and Spirit,” which took place in 1777, indicates pretty clearly the 
state of the case: 

““(126.) It being probable that this publication would be unpopular, and 
might be the means of bringing odium on my patron, several attempts were 
made by his friends, though none by himself, to dissuade me from persisting in 
it. But being, as I thought, engaged in the cause of important truth, I pro- 
ceeded without regard to any consequences, assuring them that this publication 
should not be injurious to his lordship.” 


Tt is not unreasonable to suppose that his lordship, as a keen, prac- 
tical man of the world, did not derive much satisfaction from this 
assurance. The “evident marks of dissatisfaction,” which Priestley 
says he first perceived in his patron in 1778, may well have arisen 
from the peer’s not unnatural uneasiness as to what his domesticated 
but not tamed philosopher might write next, and what storm might 
thereby be brought down on his own head; and it speaks very highly 
for Lord Shelburne’s delicacy that, in the midst of such perplexities, 
he made not the least attempt to interfere with Priestley’s freedom 
of action. In 1780, however, he intimated to Dr. Price that he should 
be glad to establish Priestley on his Irish estates; the suggestion was 
interpreted as Lord Shelburne probably intended it should be, and 
Priestley left him, the annuity of £150 a year, which had been prom- 
ised in view of such a contingency, being punctually paid. 

After leaving Calne, Priestley spent some little time in London, 
and then, having settled in Birmingham, at the desire of his brother- 
in-law, he was soon invited to become the minister of a large congre- 
gation. This settlement Priestley considered at the time to be “the 
happiest event of his life’ And well he might think so, for it gave 
him competence and leisure; placed him within reach of the best 
makers of apparatus of the day; made him a member of that remark- 
able ‘ Lunar Society ” at whose meetings he could exchange thoughts 
with such men as Watt, Wedgewood, Darwin, and Boulton; and 
threw open to him the pleasant house of the Galtons of Barr, where 
these men, and others of less note, formed a society of exceptional 
charm and intelligence.’ 

1 See “The life of Mary Anne Schimmelpenninck.” Mrs. Schimmelpenninek (née 
Galton) remembered Priestley very well, and her description of him is worth quotation: 
“Aman of admirable simplicity, gentleness, and kindness of heart, united with great 
acuteness of intellect. I can never forget the impression produced on me by the serene 
expression of his countenanee. He, indeed, seemed present with God by recollection, 
and with man by cheerfulness. I remember that, in the assembly of these distinguished 
men, among whom Mr. Boulton, by his noble manner, his fine countenance (which much 
resembled that of Louis XIV.), and princely munificence, stood preéminently as the 
great Maecenas; even as a child I used to feel, when Dr. Priestley entered after him, 
that the glory of the one was terrestrial, that of the other, celestial; and utterly far as 
Tam removed from a belief in the sufficiency of Dr. Priestley’s theological creed, I can- 
not but here record this evidence of the eternal power of any portion of the truth held 
in its vitality.” 
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But these halcyon days were ended by a bitter storm. The French 
Revolution broke out. .An electric shock ran through the nations ; 
whatever there was of corrupt and retrograde, and, at the same time, 
a great deal of what there was of best and noblest, in European so- 
ciety, shuddered at the outburst of long-pent-np social fires. Men’s 
feelings were excited in a way that we in this generation can hardly 
comprehend, Party wrath and virulence were expressed in a manner 
unparalleled, and it is to be hoped impossible, in our times; and 
Priestley aud his friends were held up to public scorn, even in Parlia- 
ment, as fomenters of sedition. A “ Chureh-and-King ” ery was raised 
against the Liberal Dissenters ; and in Birmingham it was intensified 
and specially directed toward Priestley by a local controversy, in 
which he had engaged with his usual vigor. In 1791 the celebration 
of the second anniversary of the taking of the Bastile by a public 
dimer, with which Priestley had nothing whatever to do, gave the 
signal to the loyal and pious mob, who, unchecked, and indeed to 
some extent encouraged, by those who were responsible for order, had 
the town at their mercy for three days, The chapels and houses of 
the leading Dissenters were wrecked, and Priestley and his family 
had to fly for their lives, leaving library, apparatus, papers, and all 
their possessions, a prey to the flames. 

Priestley never returned to Birmingham, He bore the outrages 
and losses inflicted upon him with extreme patience and sweetness,’ 
and betook himself to London. Bunt even his scientific colleagues 
gave him a cold shoulder; and, though he was elected minister of a 
congregation at Hackney, he felt his position to be insecure, and 
finally determined on emigrating to the United States, He landed 
in America in 1794; lived quietly with his sons at Northumberland, 
in Pennsylvania, where his posterity still flourish; and, clear-headed 
and busy to the last, died February 6, 1804, 


Such were the conditions under which Joseph Priestley did the 
work which lay before him, and then, as the Norse Sagas say, went 
out of the story. The work itself was of the most varied kind. No 
human interest was without its attraction for Priestley, and few men 
have ever had so many irons in the fire at once; but, though he may 
have burned his fingers a little, very few who have tried that opera- 
tion have burned their fingers so little. We made admirable discov- 
eries in science; his philosophical treatises are still well worth read- 
ing; his political works are full of insight and replete with the spirit 
of freedom; and, while all these sparks flew off from his anvil, the 
controversial hammer rained a hail of blows on orthodox priest and 


‘Even Mrs. Priestley, who might be forgiven for regarding the destroyers of her 
household gods with some asperity, contents herself, in writing to Mrs. Barbauld, with 
the sarcasm that the Birmingham people “will scarcely find so many respectable char- 
acters a second time to make a bonfire of.” 
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bishop. While thus engaged, the kindly, cheerful doctor felt no more 
wrath or uncharitableness toward his opponents than a smith does 
toward his iron, But if the iron could only speak !—and the priests 
and bishops took the point of view of the iron. 

No doubt what Priestley’s friends repeatedly urged upon him— 
that he would have escaped the heavier trials of his life and done 
more for the advancement of knowledge, if he had confined himself 
to hig scientific pursuits and let his fellow-men go their way—was 
true, But it seems to have been Priestley’s feeling that he was a man 
and a citizen before he was a philosopher, and that the duties of the 
two former positions are at Ieast as imperative as those of the latter. 
Moreover, there are men (and I think Priestley was one of them) to 
whom the satisfaction of throwing down a triumphant fallacy is as 
great as that which attends the discovery of a new truth; who feel 
better satisfied with the government of the world, when ‘they have 
been helping Providence by knocking an imposture on the head; and 
who care even more for frecdom of thought than for mere advance of 
knowledge. These men are the Carnots who organize victory for 
truth, and they are, at least, as important as the generals who visibly 
fight their battles in the field. 


Priestley’s reputation as a man of science rests upon his numerous 
and important contributions to the chemistry of gaseous bodies ; and 
to form a just estimate of the value of his work—of the eateat to 
which it advanced the knowledge of fact and the development of 
sound theoretical views—we must reflect what chemistry was in the 
first half of the eighteenth century. 

The vast science which now passes under that name had no exist- 
ence, Air, water, and fire, were still counted among the elemental 
bodies ; and though Van Helmout, a century before, had distinguished 
different kinds of air as gas ventosum and gas sylvestre, and Boyle 
and Hales had experimentally defined the physical properties of air, 
and discriminated some of the various kinds of aériform bodies, no 
one suspected the existence of the numerous totally distinct gascous 
elements which are now known, or dreamed that the air we breathe 
and the water we drink are compounds of gascous elements. 

But, in 1754, a young Scotch physician, Dr. Black, made the first 
clearing in this tangled backwood of knowledge. And it gives one a 
wonderful impression of the juvenility of scientific chemistry to think 
that Lord Brougham, whom so many of us recollect, attended Black’s 
lectures when he was a student in Edinburgh. Black’s researches 
gave the world the novel and startling conception of a gas that was 
a permanently elastic fluid like air, but that ditere ed from common air 
in being much heavier, very poisonous, and in having the properties 
of an acid, capable of neugralizin’ the strongest alivaliess ; and it took 
the world some time to become accustomed to the shSttOM: 
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A dozen years later, one of the most sagacions and accurate in- 
vestigators who has adorned this or any other country, Henry Cay- 
endish, published a memoir in the “ Philosophical Transactions,” in 
which he deals not only with the “fixed air” (now called carbonic 
acid or carbonic anhydride) of Black, but with “inflammable air,” or 
what we now term hydrogen, 

By the rigorous application of weight and measure to all his pro- 
cesses, Cavendish implied the belief subsequently formulated by La- 
yoisier, that, in chemical processes, matter is neither created nor de- 
stroyed, and indicated the path along which all future explorers must 
travel. Nor did he himself halt until this path led hin, in 1784, to 
the brilliant and fundamental discovery that water is composed of two 
gases united in fixed and constant proportions. 

It is a trying ordeal for any man to be compared with Black and 
Cavendish, and Priestley cannot be said to stand on their level. Nev- 
ertheless, his achievements are not only great in themselves, but truly 
wonderful, if we consider the disadvantages under which he labored. 
Without the careful scientific training of Black, without the leisure 
and appliances secured by the wealth of Cavendish, he scaled the 
walls of science as so many Englishmen have done before and sinee 
his day; and, trusting to mother-wit to supply the place of training, 
and to ingenuity to create apparatus out of washing-tubs, he discoy- 
ered more new gases than all his predecessors put together had done. 
Ife laid the foundation of gas analysis; he discovered the complemen- 
tary actions of animal and vegetable life upon the constituents of the 
atmosphere ; and, finally, he crowned his work, this day one hundred 
years ago, by the discovery of that “pure dephlogisticated air” to 
which the French chemists subsequently gave the name of oxygen. 
Its importance, as the constituent of the atmosphere which disappears 
in the processes of respiration and combustion, and is restored by 
green plants growing in sunshine, was proved somewhat later. For 
these brilliant discoveries the Royal Society elected Priestley a Fellow 
and gave him their medal, while the Academies of Paris and St. Peters- 
burg conferred their membership upon him. Edinburgh had made 
him an honorary doctor of laws at an early period of his career; but, 
I need hardly add that a man of Priestley’s opmions received no rec- 
ognition from the universities of his own country. 

That Priestley’s contributions to the knowledge of chemical fact 
were of the greatest importance, and that they richly deserve all the 
praise that has been awarded to them, is unquestionable ; but it must, 
at the same time, be admitted that he had no comprehension of the 
deeper significance of his work; and, so far from contributing any 
thing to the theory of the facts which he discovered, or assisting in 
their rational explanation, his influence to the end of his life was 
warmly exerted in favor of error. From first to last, he was a stiff 
adherent of the phlogiston doctrine which was prevalent when his 
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studies commenced; and, by a curions irony of fate, the man, who by 
the discovery of what he called “ dephlogisticated air” furnished the 
essential datum for the true theory of combustion, of respiration, and 
of the composition of water, to the end of his days fought against the 
inevitable corollaries from his own labors. Wis last scientifie work, 
published in 1800, bears the title, “The Doctrine of Phlogiston es- 
tablished, and that of the Composition of Water refuted.” 

When Priestley commenced his stndies, the current belief was, 
that atmospherie air, freed from accidental impurities, is a simple ele- 
mentary snbstanee, indestrnetible and unalterable, as water was sup- 
posed to be. When a combustible burned, or when an animal breathed 
in air, it was supposed that a substance, “ phlogiston,” the matter of 
heat and light, passed from the burning or breathing body into it, 
and destroyed its powers of supporting life and combustion. Thus, 
air contained in a vessel in which a lighted candle had gone out, or a 
living animal had breathed until it could breathe no longer, was called 
“ phlogisticated.” The same result was supposed to be brought about 
by the addition of what Priestley called “nitrous gas” to common 
air, 

In the conrse of his researches, Priestley found that the quantity 
of common air which can thus become “ phlogisticated ” amounts to 
about one-fifth the volume of the whole quantity submitted to experi- 
ment. Hence it appeared that common air consists, to the extent of 
four-fifths of this volume, of air which is already “ phlogisticated ; ” 
while the other fifth is free from phlogiston, or “ dephlogisticated.” 
On the other hand, Priestley found that air “ phlogisticated ” by com- 
bustion or respiration couid be “ dephlogisticated,” or have the prop- 
erties of pure common air restored to it, by the action of green plants 
in sunshine. The question, therefore, would naturally arise—as com- 
mon air ean be wholly phlogisticated by combustion, and converted 
into « substance which will no longer support combustion, is it pos- 
sible to get air that shall be less phlogisticated than common air, and 
consequently, support combnstion better than common air does ? 

Now, Priestley says that, in 1774, the possibility of obtaining air 
less phlogisticated than common air had not oecurred to him.’ But, 
in pursuing his experiments on the evolution of air from various bodies 
by means of heat, it happened that, on the Ist of August, 1774, he 
threw the heat of the sun, by means of a large burning-glass which he 
had reeently obtained, upon a substance which was then called mer 
curius celcinatus per se, and which is commonly known as red preeipi- 
tate: 

“T presently found that, by means of this lens, air was expelled from it very 
readily. Taving got abont three or four times as much as the bulk of my ma- 
terials, I admitted water to it, and found that it was not imbibed by it. But, 
what surprised me more than I can well express was, that a candle burned in this 


1“ Experiments and Observations on Different Kinds of Air,” vol. ii., p. 31. 
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air with a remarkably vigorous flame, very much like that enlarged flame with 
which a candle burns in nitrous air, exposed to iron or lime of sulphur; but, as I 
had got nothing like this remarkable appearance from any kind of air besides 
this particular modification of nitrous air, and I knew no nitrous acid was used 
in the preparation of mercurius caleinatus, I was utterly at a luss how to account 
for it. 

“Tn this ease also, though I did not give sufficient attention to the circum- 
stance at that time, the flame of the candle, besides being larger, burned with 
more splendor and heat than in that species of nitrous air; and a piece of red- 
hot wood sparkled in it, exactly like paper dipped in a solution of nitre, and it 
consumed very fast—an experiment which I had never thought of trying with 
nitrous air,” ? 


Priestley obtained the same sort of air from red lead, but, as he 
says himself, he remained in ignorance of the properties of this new 
kind of air for seven months, or until March, 1775,’ when he found that 
the new air behaved with “nitrous gas” in the same way as the 
dephlogisticated part of common air does ; but that, instead of being 
diminished to four-fifths, it almost completely vanished, and therefore 
showed itself to be “ between five and six times as good as the best 
common air Ihave ever met with.”* As this new air thus appeared 
to be completely free from phlogiston, Priestley called it “ dephlogis- 
tieated air.” 

What was the nature of this air? Priestley found that the same 
kind of air was to be obtained by moistening with the spirit of uitre 
(which he terms nitrous acid) any kind of earth that is free from 
phlogiston, and applying heat; and consequently he says, ‘There re- 
mained no doubt on my mind but that the atmospherical air, or the 
thing that we breathe, consists of the nitrous acid and earth, with so 
much phlogiston as is necessary to its elasticity, and likewise so much 
more as is required to bring it from its state of perfect purity to the 
mean condition in which we find it.” * 

Priestley’s view, in fact, is that atmospheric air is a kind of saltpe- 
tre, in which the potash is replaced by some unknown earth. And in 
speculating on the manner in which saltpetre is formed, he enunciates 
the hypothesis, “ that nitre is formed by areal decomposition of the air 
itself, the bases that are presented to it having, in such circumstances, 
anearer affinity with the spirit of nitre than that kind of earth with 
which it is united in the atmosphere.” ° 

It would have been hard for the most ingenious person to have 
wandered farther from the truth than Priestley does in this hypothe- 
sis of his—and though Lavoisier undonbtedly treated Priestley very 
ill,and pretended to have discovered dephlogisticated air, or oxygen, 
as he called it, independently, we can almost forgive him when we re- 


1“ Experiments and Observations on Different Kinds of Air,” vol. ti., pp. 34, 35. 
® Thid., p. 40, 3 Thid., p. 48. 4 Tbid., p. 55, 
° Ibid., p. 60, The italies are Priestley’s own. 
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fiect how different were the ideas which the great French chemist at- 
tached to the body which Priestley discovered. 

They are like two navigators, of whom the first sees a new country, 
but takes clouds for mountains and mirage for lowlands; while the 
second determines its length and breath, and Jays down on a chart its 
exact place, so that it, thenceforth, serves as a guide to his success- 
ors, and becomes a secure outpost whence new explorations may be 
pushed, 

Nevertheless, as Priestley himself somewhere remarks, the first 
object of physical science is to ascertain facts, and the service which 
he rendered to chemistry, by the definite establishinent of a large 
number of new and fundamentally important facts, is such as to en- 
title him to a very high place among the fathers of chemical science. 


It is dificult to say whether Priestley’s philosophical, political, or 
theological views were most responsible for the bitter hatred which 
was borne to him by a large body of his countrymen,’ and which found 
its expression in the malignant insinuations in which Burke, to his 
everlasting shame, indulged in the House of Commons, 

Without containing much that will be new to the readers of 
Hobbes, Spinoza, Collins, Hume, and Hartley, and, indeed, while mak- 
ing no pretensions to originality, Priestley’s ‘ Disquisitions relating 
to Matter and Spirit,” and his “ Doctrine of Philosophical Necessity 
illustrated,” are among the most powerful, clear, and unflinching ex- 
positions of materialism and necessarianism which exist in the English 
language, and are still well worth reading. 

Priestley denied the freedom of the will in the sense of its self- 
determination; he denied the existence of a soul distinct from the 
body; and, as a natural consequence, he denied the natural immor- 
tality of man. 

In relation to these matters, English opinion, a century ago, was 
very much what it is now, 

Aman may be a necessarian without incurring graver reproach 
than that implied in being called a gloomy fanatic, necessarianism, 
though very shocking, having a note of Calvinistic orthodoxy: but, 
if a man is a materialist; or, if good authorities say he is and must be 
so, in spite of his assertion to the contrary; or, if he acknowledge him- 
self unable to see good reasons for believing in the natural immortality 


1 “Yn all the newspapers and most of the periodieal publications I was represented as 
an unbeliever in Revelation, and no better than an atbeist.”—Autobiography, Hutt, 
vol. i., p. 124. ‘On the walls of bouses, ete., and espeeially where I usually went, were 
to be seen, in large eharaeters, ‘MapaN FOREVER; Damn Priestiey ; No PREspytERIAN- 
ism; DaMN THE PResBYTERIANS,’ ete., cte.; and, at one time, I was followed by a number 
of boys, who left their play, repeating what they had seen on the walls, and shouting out, 
‘Damn Priestley ; damn him, damn him, forever, forever,’ ete., ete, This was no doubt 
a lesson which they had been taught by their parents, and what they, I fear, had learned 
from their superiors.” —Appeal to the Public on the Subject of the Riots at Birmingham, 
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of man, respectable folks look upon him as an unsafe neighbor of a cash- 
box, as an actual or potential sensualist, the more virtuons in outward 
seeming, the more certainly loaded with secret “ grave personal sins.” 

Nevertheless, it is as certain as any thing can be, that Joseph 
Priestley was no gloomy fanatic, but as cheerful and kindly a soul as 
ever breathed, the idol of children; a man who was hated only by 
those who did not know him, and who charmed away the bitterest 
prejudices in personal inter¢ourse; a man who never lost a friend, 
and the best testimony to whose worth is the generous and tender 
warinth with which his many friends vied with one another in ren- 
dering him substantial help, in. all the crises of his career. 

The unspotted purity of Priestley’s life, the strietness of his per- 
formance of every duty, his transparent sincerity, the nnostentatious 
and deep-seated piety which breathes through all his correspondence, 
are in themselves a suflicient refutation of the hypothesis, invented by 
bigots to cover uncharitableness, that such opinions as his must arise 
from moral defects. And his statue will do as good service as the 
brazen image that was set upon a pole before the Israelites, if those 
who have been bitten by the fiery serpents of seetarian hatred, which 
still haunt this wilderness of a world, are made whole by looking upon 
the image of a heretic, who was yet a saint. 

Thongh Priestley did not believe in the natural immortality of man, 
he held with an almost naive realism, that man would be raised from 
the dead by a direct exertion of the power of God, and thenceforward 
be immortal, And it may be as well for those who may be shocked 
by this doctrine to know that views, substantially identical with 
Priestley’s, haye been advocated, since his time, by two prelates of 
the Anglican Church: by Dr. Whately, Archbishop of Dublin, in his 
well-known “Essays;”? and by Dr. Courtenay, Bishop of Kingston 
in Jamaica, the first edition of whose remarkable book, “ On the Future 
States,” dedicated to Archbishop Whately, was published in 1843, and 
the second in 1857. According to Bishop Courtenay — + 


“The death of the body will cause a cessation of all the activity of the mind 
by way of natural consequence; to continue forever unLEss the Creator should 
interfere.” 


And again: 


“The natural end of human existence is the ‘first death,’ the dreamless 
slumber of the grave, wherein man lies spellbound, soul and body, under the 
dominion of sin and death—that whatever modes of conscious existenee, what- 
ever future states of ‘life’ or of ‘torment’ beyond Hades are reserved for man, 
are results of our blessed Lord’s victory over sin and death; that the resurree- 
tion of the dead must be preliminary to their entrance into either of the future 
states, and that the nature and even existence of these states, and even the mere 


1 First Series, “On Some of the Peculiarities of the Christian Religion.” Essay I. 
Revelation of a Future State. 
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fact that there is a futurity of consciouness, can be known only through God's 
revelation of himself in the Person and the Gospel of his Son,” p. 389, 


And now hear Priestley : 


“Man, according to this system” (of materialism), ‘is no more than we now 
see of him. His being commences at the time of his conception, or perhaps at an 
earlier period. The corporeal and mental faculties, in being in the same sub- 
stance, grow, ripen, and decay together; and whenever the system is dissolved 
it continues in a state of dissolution till it shall please that Almighty Being who 
called it into existence to restore it to life again.’"—Matter and Spirit, p. 49. 


And again: 


.“The doctrine of the Scripture is, that God made man of the dust of the 
ground, and, by simply animating this organized matter, made man that living 
percipient and intelligent being that he is. According to Revelation, death 
is a state of rest and insensibility, and our only though sure hope of a future 
life is founded on the doctrine of the resurrection of the whole man at some dis- 
tant period; this assurance being sufficiently confirmed to us, both by the evi- 
dent tokens of a Divine commission attending the persons who delivered the 
doctrine, and especially by the actual resurrection of Jesus Christ, which is more 
authentically attested than any other fact in history.”—J0id., p, 247. 


We all know that “a saint in crape is twice a saint in lawn;” but 
it is not yet admitted that the views which are consistent with such 
saintliness in lawn become diabolical when held by a mere Dissenter.’ 

Tam not here either to defend or to attack Priestley’s philosophi- 
cal views, and I cannot say that I am personally disposed to attach 
much value to episeopal authority in philosophical questions ; but it 
seems right to call attention to the fact that those of Priestley’s opin- 
ions which have brought most odium upon him have been openly pro- 
mulgated, without challenge, by persous oceupying the highest posi- 
tions in the state Church. 

I mnst confess that what interests me most about Priestley’s ma- 
terialism is, the evidence that he saw dimly the seed of destruction 
which such materialism carries within its own bosom. In the course 
of his reading for his “Iistory of Discoveries relating to Vision, 
Light, and Colors,” he had come upon the speculations of Boscovich 
and Miehell, and had been led to admit the sufficiently obvious truth 
that our knowledge of matter is a knowledge of its properties; and 
that of its substance—if it have a substance—we know nothing. And 


1 Not only is Priestley at one with Bishop Courtenay in this matter, but with Hartley 
and Bonnet, both of them stout champions of Christianity. Moreover, Archbishop 
Whatoly’s essay is little better than an expansion of the first paragraph of Hume’s famous 
essay on the lnmortality of the Soul: “By the mere light of reason it seems diffieult to 
prove the immortality of the soul; the arguments for it are commonly derived either 
from metaphysical topics, or moral, or physical. But it is in reality the Gospel, and the 
Gospel alone, that has brought life and immortality to light.” Tt is impossible to imagine 
that a man of Whately’s tastes and acquirements had not read Hume or Hartley, though 
he refers to neither. : 
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this led to the further admission that, so far as we can know, there 
may be no difference between the substance of matter and the sub- 
stance of spirit (“ Disqnisitions,” p. 16). A step further would have 
shown Priestley that his materialism was, in substance, very little dif 
ferent from the idealism of his contemporary, the Bishop of Cloyne, 


As Priestley’s philosophy is mainly a clear statement of the views 
of the deeper thinkers of his day, so are his political conceptions based 
upon those of Locke. Locke’s aphorism, that “ the end of government 
is the good of mankind,” is thus expanded by Priestley : 


“Tt must necessarily be understood, therefore, whether it be expressed or 
not, that all people live in society for their mutual advantage; so that the good 
and happiness of the members, that is, of the majority of the members, of any 
state, is the great standard by which every thing relating to that state must 
finally be determined.” ! 


The little sentence here interpolated, ‘that is, of the majority of the 
members of any state,” appears to be that passage which suggested to 
Bentham, aecording to his own acknowledgment, the famous “ greatest 
happiness ” formula, which, by substituting “ happiness ” for “ good,” 
has converted a noble into an ignoble principle. But Ido not eall to 
mind that there is any utterance in Locke quite so outspoken as the 
following passage in the “ Essay on the First Principles of Govern- 
ment.” After laying down, as “a findamental maxim in all goyern- 
ments,” the proposition that “ kings, senators, and nobles,” are “the 
servants of the public,” Priestley goes on to say: 


“But in the largest states, if the abuses of the government should at any 
time be great and manifest ; if the servants of the people, forgetting their mas- 
ters and their masters’ interest, should pursue a separate one of their own; if, 
instead of considering that they are made for the people, they should consider 
the people as made for them ; if the oppressions and violation of right shonld be 
great, flagrant, and universally resented ; if the tyrannical governors should have 
no friends but a few sycophants, who had long preyed upon the vitals of their 
fellow-citizens, and who might be expected to desert a government whenever 
their interests should be detached from it; if, in consequence of these circum- 
stances, it should become manifest that the risk which would be run in attempt- 
ing a revolution would be trifling, and the evils which might be apprehended 
from it were far less than those which were actually suffered, and which were 
daily increasing; in the name of God, I ask, what principles are those which 
ought to restrain an injured and insulted people from asserting their natural 
rights, and from changing or even punishing their governors—that is, their ser- 
vants—who had abused their trust, or from altering the whole form of their 
government, if it appeared to be of a structure so liable to abuse?” 


As a Dissenter, subject to the operation of the Corporation and 
Test Acts, and as a Unitarian, excluded from the benefit of the Toler- 
ation Act, it is not surprising to find that Priestley had very definite 


1“ Essay on the First Principles of Government,” second edition, 1771, p. 13. 
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opinions about ecclesiastical establishments; the only wonder is that 
these opmions were so moderate as the following passages show them 
to have been: 

“¥eclesiastical authority may have been necessary in the infant state of soci- 
ety, and, for the same reason, it may perhaps continue to be, in some degree, neces- 
sary as long as society is imperfect; and therefore may not be entirely abolished 
till civil governments have arrived at a much greater degree of perfection. If, 
therefore, I were asked whether I should approve of the immediate dissolution 
of all the ecclesiastical establishments in Europe, I should answer, No, .. . Let 
experiment be first made of alterations, or, which is the same thing, of better 
establishments than the present. Let them be reformed in many essential arti- 
cles, and then not thrown aside entirely till it be found by experience that no 
good can be made of them.” 


Priestley goes on to suggest four such reforms of a capital nature: 

“1, Let the Articles of Faith to be subseribed by candidates for the ministry 
be greatly reduced, In the formulary of the Church of England, might not 
thirty-eight out of the thirty-nine be very well spared? It is a reproach to any 
Christian establishment if every man cannot claim the benefit of it who can say 
that he believes in the religion of Jesus Christ as it is set forth in the New Tes- 
tament. You say the terms are so general that even deists would quibble 
and insinuate themselves. I answer that all the articles which are subseribed at 
present by no means exclude deists who will prevaricate; and upon this scheme 
you would at least exclude fewer honest men.” ? 


The second reform suggested is the equalization, in proportion to 
work done, of the stipends of the clergy; the third, the exclusion of 
the bishops from Parliament; and the fourth, complete toleration, so 
that every man may enjoy the rights of a citizen, and be qualified to 
serve his country, whether he belong to the Established Church or not. 

Opinions such as those 1 have quoted, respecting the duties and the 
responsibilities of governors, are the commonplaces of modern Liber- 
alism; and Priestley’s views on eeclesiastical establishments would, I 
fear, meet with but a cool reception, as altogether too couservative, 
from a large proportion of the lineal descendants of the people who 
taught their children to ery “Damn Priestley,” and, with that love 
for the practical application of science which is the source of the great- 
ness of Birmingham, tried to set fire to the doctor’s house with sparks 
from his own electrical machine, thereby giving the man, they called 
an incendiary and raiser of sedition against Church and king, an appro- 
priately experimental illustration of the nature of arson and riot. 


If [have sueceeded in putting before you the main features of Priest- 
ley’s work, its value will become apparent when we compare the con- 
dition of the English nation, as we knew it, with its present state. 

The fact, that Franee has been for eighty-five years trying, without 


1 “Utility of Establishments,” in “ Essay on First Principles of Government,” p. 198, 
1771, : 
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much success, to right herself after the great storm of the Revolution, 
is not unfrequently cited among us as an indication of some inherent 
ineapacity for self-government among the French people. I think, 
however, that Englishmen who argue thus forget that, from the meet- 
ing of the Long Parliament in 1640, to the last Stuart rebellion in 
1745, is a hundred and five years, and that, in the middle of the last 
eentury, we had but just freed ourselves from our Bourbons and ali 
that they represented. The corruption of our state was as bad as that 
of the Second Empire. Bribery was the instrument of government, 
and peculation its reward. Four-fifths of the seats in the House of 
Commons were more or less openly dealt with as property. A minis- 
ter had to consider the state of the vote market, and the sovereign 
secured a sufliciency of “king’s friends” by payments allotted with 
retail, rather than royal, sagacity. 

Barefaced and brutal immorality and intemperance pervaded the 
land, from the highest to the lowest classes of society. The Estab- 
lished Church was torpid, so far as it was not a scandal; but those 
who dissented from it came within the meshes of the Act of Uniform- 
ity, the Test Act, and the Corporation Act. By law, such a man as 
Priestley, being a Unitarian, could neither teach nor preach, and was 
Hable to ruinous fines and long imprisonment.’ In those days, the 
guns that were pointed by the Church against the Dissenters were 
shotted. The law was a cesspool of iniquity and cruelty. Adam 
Smith was a new prophet whom few regarded, and commerce was 
hampered by idiotic impediments, and ruined by still more absurd 
help, on the part of government, 

Birmingham, though already the centre of a considerable industry, 
was a mere village as compared with its present extent. People who 
traveled went about armed, by reason of the abundance of highway- 
men and the pancity and inefficiency of the police, Stage-coaches had 
not reached Birmingham, and it took three days to get to London. 
Even canals were a recent and much-opposed invention. 

Newton had laid the foundation of a mechanical conception of the 
physical universe; Hartley, putting a modern face upon ancient mate- 
rialism, had extended that mechanical conception to psychology; Lin- 
neus and Haller were beginning to introduce method and order into 
the chaotic accumulation of biological facts. But those parts of phys- 
ical science which deal with heat, electricity, and magnetism, and, 
above all, chemistry, in the modern sense, can hardly be said to have 
had an existence. No one knew that two of the old elemental bodies, 
air and water, are compounds, and that a third, fire, is not a substance 
but a motion. The great industries that have grown out of the appli- 
cations of modern scientific discoveries had no existence, and the man, 
who should have foretold their coming into being in the days of his 
son, would have been regarded as a mad enthusiast. 


1 In 1732 Doddridge was cited for teaching without the bishop’s leave, at Northampton. : 
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In comnion with many other excellent persons, Priestley believed 
that man is capable of reaching, and will eventually attain, perfec- 
tion. If the temperature of space presented no obstacle, I should be 
glad to entertain the same idea; but, judging from the past progress 
of our species, Lam afraid that the globe will have cooled down so 
far before the advent of this natural millenninm, that we shall be, at 
best, perfeeted Esquimaux. For all practical purposes, however, it is 
enough that man may visibly improve his condition in the course of a 
century or so. And, if the picture of the state of things in Priestley’s 
time, which I have just drawn, have any pretense to aceuracy, I think 
it must be admitted that there has been a considerable change for the 
better. 

I need not advert to the well-worn topic of material advancement, 
in a place in which the very stones testify to that progress—in the 
town of Watt and of Boulton, I will only remark, in passing, that 
material advancement has its share in moral and intellectual progress. 
Becky Sharp’s acute remark, that it is not difficult to be virtuous on 
ten thousand a year, has its application to nations; and it is futile to 
expeet a hungry and squalid population to be any thing but violent 
and gross, But as regards other than material welfare, although per- 
fection is not yet in sight—even from the mast-head—it is surely true 
that things are much better than they were. 

Take the upper and middle classes as a whole, and it may be said 
that open immorality and gross intemperance have vanished. Four 
and six bottle men are as extinct as the dodo. Women do not gam- 
ble, and talk modeled upon Dean Swift’s “ Art of Polite Conversa- 
tion” would be tolerated in no decent kitchen. 

Members of the legislature are not to be bought, and constituents 
are awakening to the fact that votes must not be sold—even for such 
trifles as rabbits and tea and cake. Political power has passed into 
the hands of the masses of the people. Those whom Priestley calls 
their servants have recognized their position, and have requested the 
master to be so good as to go to school and fit himself for the admin- 
istration of his property. No civil disability attaches to any one on 
theological grounds, and the highest offices of the state are open to 
papist, Jew, or secularist, 

Whatever men’s opinions as to the policy of Establishment, no one 
can hesitate to admit that the clergy of the Church are men of pure 
life and conversation, zealous in the discharge of their duties, and, at 
present, apparently, more bent on proseeuting one another than on 
meddling with Dissenters. Theology itself has broadened so much, 
that Anglican divines put forward doctrines more liberal than those 
of Priestley; and, in our state-supported churches, one listener may 
hear a sermon to which Bossuet might have given his appro)ation, 
while another may hear a discourse in which Socrates would find 
nothing new. 
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But, great as these changes may be, they sink into insignificance 
beside the progress of physical science, whether we consider the im- 
provemeut of methods of investigation, or the increase in bulk of solid 
knowledge, Consider that the labors of Laplace, of Young, of Davy, 
and of Faraday ; of Cuvier, of Lamarck, and of Robert Brown; of 
Von Baer, and of Schwann; of Smith and of Mutton, have all been 
earried on since Priestley discovered oxygen ; and consider that they 
are now things of the past, concealed by the industry of those who 
have built upon them, as the first founders of a coral-reef are hidden 
beneath the life’s work of their suceessors ; consider that the methods 
of physical science are slowly spreading into all investigations, and 
that proofs, as valid as those required by her canons of investigation, 
are being demanded of all doctrines which ask for men’s assent—and 
you will have a faint image of the astounding difference in this respect 
between the nineteenth century and the eighteenth. 

If we ask what is thé deeper meaning of all these vast changes, I 
think there can be but one reply. They mean that Reason has as- 
serted and exercised her primacy over all provinces of human activity: 
that ecclesiastical authority has been relegated to its proper place; 
that the good of the governed has been finally recognized as the end 
of government, and the complete responsibility of governors to the 
people as its means; and that the dependence of natural phenomena 
in general, on the laws of action of what we call matter, has become 
an axiom. 

But it was to bring these things about, and to enforce the recog- 
nition of these truths, that Joseph Priestley labored. If the nine- 
teenth century is other and better than the eighteenth, it is to him 
and to such men as he that we owe the change. If the twentieth 
centnry is to be better than the nineteenth, it will be because there 
are among us men who walk in Priestley’s footsteps, 

Such men are not those whom their own generation delights to 
honor; such men, in fact, rarely trouble themselves about honor, but 
ask, in another spirit than Falstaff’s, “What is honor? Who hath 
it? He that died o Wednesday.” But whether Priestley’s lot, be 
theirs, and a future generation, in justice and in gratitude, set up 
their statues; or whether their names and fame are blotted out from 
remembrance, their work will live as long as time endures, To all 
eternity, the sum of truth and right will have been increased by their 
means; to all eternity, falsehood and injustice will be the weaker be- 
cause they have lived.—From advance sheets of Maemillan’s Mag- 
azine. 
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SKETCH OF PROFESSOR HAECKEL. 


RNST HEINRICH WAECKEL, Professor of Natural History in 
the University of Jena, and one of the most eminent of German 
biologists, was born at Potsdam, in Prussia, on the 16th of February, 
1834, and is consequently now but forty years of age. In his ehild- 
hood he was very fond of botany. He studied medicine and the natu- 
ral seiences at Berlin and Wirzburg, and gradnated as doctor of 
medicine in Berlin in 1857, In Wiirzburg he studied anatomy and 
histology under Kdliker‘and Leydig, and in Berlin under Johannes 
Miller. He beeame the assistant of the eminent pathologist Virchow, 
and eommenced medical practice in Berlin in 1858. He had made 
scientific excursions to the Mediterranean in 1854 and 1856 with Kél- 
liker and Miller; and in 185960 a fifteen months’ residence in Italy, 
which he employed in zoological researches, became the turning-point 
in his career, and he withdrew from the practice of medicine, and be- 
came a professed zoologist. He went to Jena in 1861, and was made 
professor extraordinary in the university in 1862. In 1865 the uni- 
versity created a regular chair of zoology specially for him, and he 
began the formation there of a valuable museum. From that time his 
lectures, together with those of Gegenbaur on comparative anatomy, 
have given great reputation to the Jena school. Prof. Haeckel is said 
to have deelined very advantageous appointments to other universities 
mainly beeause he would not be separated trom his friend Gegenbaur, 
Prof. Haeckel early accepted the views of Mr. Darwin, and has be- 
come their leading expositor in Germany. Tle has, besides, greatly 
extended and strengthened the theory of organic development by his 
own researches. His biographer in the American CycLopap1a states 
that in 1863 “ Darwinism ” was generally looked upon with great dis- 
favor in German scientific circles; and when, on September 19th of 
that year, Prof. Waeekel appeared before the convention of German 
physicians and naturalists held in Stettin, as the enthusiastic advoeate 
of development doctrines, he stood almost alone, and theneeforth he 
determined to devote his life to their extension, establishn ent, and 
promulgation. 

In 1866 he completed a work on the general morphology of organ- 
isms, in two volumes, which ranks as one of the landmarks of the sci- 
enee, In that work he propounded, as a fundamental biologieal law, 
“that the individnal development of every organism, or the series 
of forms through which it passes from germ to complete form, repeats 
approximately the development of its race, or. the series of forms 
through which its ancestors have passed. Moreover, all organie be- 
ings, hitherto, had been classified into the two kingdoms, animal and 
vegetable ; but a number of creatures were found to present in exter- 
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nal form, in internal structure, and in all vital phenomena, so remark- 
able a mixture or combination of distinguishing animal and vegetable 
characteristics, that it was impossible, except arbitrarily, to assign 
them to either realm: he assigned these doubtful beings toa kingdum 
by themselves, below and yet between the two other organic king- 
doms, and this he called protistic. Again and again in existing forms 
he traced development from pretxisting ones, Many biologists, 
among them Prof, Iuxley, have pronounced this the most important 
work of the kind ever published.” 

In the winter of 1867-68 he delivered a series of popular lectures, 
on the evolution doctrine in general, which were afterward amplified 
and published under the title of The Natural History of Creation.” 
Many editions of it have been called for, and it has been translated 
into several languages. Darwin says of it, in the introduction to the 
“Descent of Man:” “If this work had appeared before my essay had 
been written, I should probably never have completed it. Almost all 
the conclusions at which I have arrived, I find confirmed by this nat- 
uralist, whose knowledge on many points is much fuller than mine.” 
This work will soon appear in English, 

Prof. Haeckel’s most important original contribution to the doc- 
trine of evolution has been made by the study of the sponges. Con- 
sidering that Darwin’s mode of investigation was only synthetical, 
that is, “to prove the truth of the transmutation theory by arguments 
from philosophy and biology, from comparative anatomy and paleon- 
tology, by considerations of the mutual affinities of orgamec beings, 
of their embryological relations, their geographical distribution, geo- 
logical succession, etc.” Prof. Waeckel aimed to establish the theory 
by direct analytical proof. Jor this purpose “he has selected the 
group of calcarcons sponges, and has shown by thousands of exami- 
nations the gradual transitions from the most simple to the most per- 
fect sponge form.” Prot. Hacckel’s last considerable work is “The 
Hlistory of the Evolution of Man,” just ready for issue in Germany, 
and a very large edition of which has been subscribed for. A trans- 
lation of this work also will soon appear in English. 

We are indebted for the leading facts of this sketch to the excel- 
lent notice of Haeckel in Volume VIII. of the American CycLopapia, 
where the reader will find a much fuller statement of his numerous 
contributions to biological science. 
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MATTER AND LIFE. 

IE narrow limits of Prof. Tyndall's 
address, the greatness of the qnes- 

tions it raised, and the diversity of 
views to which it has given rise, seem 
to have led to much crroncous inter- 
pretation of the document. Many news- 
papers have charged that the speech 
is an unprecedented and unwarranted 
aggression upon ground to which sci- 
enee has no rightful claim, and even 
the Seientific American describes the 
position taken by Prof, Tyndall as a 
‘**sudden invasion of the neutral terri- 
tory lying between scientific and reli- 
gious thonght.” The passage that has 
been most constantly quoted and relied 
upon, to show that Prof. Tyndall has 
quit his own field and intruded into 
that whieh belongs to religion, is where 
he speaks of “prolonging his vision 
across the boundary of the experi- 
mental evidence.” But it is easy to 
show that this passage will bear no 
such construction; that is, what Prof. 
Tyndall proposes to do is, exaetly what 
all men of science have been about 
these hundred vears. Let us see what 
he means, which may be the best done 
by detaching from the address the full 
statement in which the passage oecurs. 
Prof. Tyndall says: ‘Two courses, and 
two only, are possible. Either let us 
open our doors freely to the conception 
of creative acts, or, abandoning them, 
let us radically change our notions of 
matter. If we look at matter as pict- 
ured by Democritns, and as defined 
for generations in onr text-books, the 
absolute impossibility of any form of 
life coming out of it would be sufficient 
to render any other hypothesis prefer- 
able; but the definitions of matter given 
in our text-books were intended to cover 
its purely physical and mechanical prop- 
erties. And, taught as we have been 
to regard these definitions as complete, 


we naturally and rightly reject the 
inonstrous notion that out of such mat- 
ter any form of lite could possibly 
arise, But are the definitions complete? 
Every thing depends on the answer to 
be given to this question. Trace the 
line of life backward, and see it ap- 
proaching more and more to what we 
eall the purely physical condition. We 
reach at length those organisms which 
I have compared to drops of oil sus- 
pended in a mixture of alcohol-and- 
water. We reach the protogenes of 
Haeckel, in which we have ‘a type 
distinguishable from a fragment of al- 
bumen only by its finely-granular char- 
acter.” Can we pause here? We break 
a magnet, and find two poles in each of 
its fragments. We continue the pro- 
cess of breaking, but, however small 
the parts, each carries with it, though 
enfeebled, the polarity of the whole. 
And, when we can break no longer, we 
prolong the intellectual vision to the 
polar molecules. Are we not urged to 
do something similar in the case of life? 
Ts there not a temptation to close to 
some extent with Lucretius, when he 
affirms that ‘Nature is seen to do all 
things spontaneously of herself, with- 
out the meddling of the gods?’ or 
with Bruno, when he declares that Mat- 
ter is not ‘that mere empty cupacity 
which philosophers have pictured her 
to be, but the universal mother who 
brings forth all things as the fruit of 
her own womb?’ The questions here 
raised are inevitable. They are ap- 
proaching us with accelerated speed, 
and it is not a matter of indifference 
whether they are introduced with rev- 
erence or irreverence. Abandoning all 
disguise, the confession that I feel bound 
to make before you is, that I prolong 
the vision backward across the boun- 
dary of the experimental evidence, and 
discern, in that matter which we in our 
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ignorance, and notwithstanding our pro- 
fessed reverence for its Creator, have 
hitherto covered with opprobrinm, the 
promise and potency of every form 
and quality of life.” 

Now, what does Prof. Tyndall here 
mean by prolonging the intellectual vi- 
sion across the boundary of the experi- 
mental evidence? He has defined ex- 
actly what he means, and given an ex- 
ample of it in the case of the magnet, 
whose broken particles exhibit polarity, 
“and, when we can break no longer, 
we prolong the intellectual vision to 
the polar molecules.” That is, mole- 
cules and atoms are not objects of 
sense, and therefore of experiment, but 
can be cognized only by the intellect. 
Prof. Tyndall must leave experiment 
before he can reach them, as they lie 
far beyond and below all possibility of 
ever being reached by that method; 
they are objects of inference, hypo- 
thetical creations, and belong to the 
world of thought. But can it be pre- 
tended that they do not also belong to 
science? All modern physics and chem- 
istry have, for their foundation, concep- 
tions of the molecular constitution of 
matter. Is the establishment of the 
great division of molecular physics—is 
the elaboration of that wonderful sys- 
tem of molecular constructions —the 
“new chemistry "—an illegitimate and 
unscientific mental procedure? Was the 
pious Quaker Dalton guilty of break- 
ing the bounds of science and tres- 
passing npon the territory of religion, 
when he passed the limits of experi- 
mental evidence and reconstructed the 
atomie theory in accordance with the 
newly-ascertained laws of chemical ac- 
tion? This must have been so if the 
eharge now made against Prof. Tyndall 
is valid. And if scientific men are 
not to be allowed to cross the bounda- 
ries of experimental evidence, and rea- 
son upon the sub-sensible conditions, 
powers, and constitution of matter, then 
there is simply an end to science. 

But this is not all. Prof. Tyndall 
claims that there is a great deal more, 
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in this mysterious and nufathomable 
something which we call matter, than 
has been hitherto allowed ; he sees in 
it ‘the promise and potency of every 
forin and quality of life.” Much horror 
has been expressed at this statement, 
but the expressions seem to us quite 
gratuitous. We should like to know 
what form or quality of lite there is, 
that is not manifested in matter, and 
is not, therefore, to be ranked among 
its potentialities. All living things are 
material things; all organized creat- 
ures are constituted of material ele- 
ments; and, throughout the scale of 
life, vital, chemical, and physical pow- 
ers are correlated in inextricable com- 
plication, and displayed throngh a sub- 
stratum of ponderable constituents. 
Of the sixty-odd chemical elements, 
four are chiefly concerned in the main- 
tenance of life; they constitute the 
mass of all living things, and have long 
been classified as organogens—genera- 
tors of organization. The mutations 
of these elements involve the cycles of 
life. Earth, sea, and air, are filled with 
myriads of vital forms, and through 
countless millions of years the earth 
has swarmed with them, while whole 
rocky systems are made np of their ma- 
terial remnants. When the microscope 
was invented, and the frontiers of old 
observation were crossed, a new world 
of life was discovered; and, as the pow- 
ers of the instrument were improved, 
minuter creatures were disclosed, grade 
after grade, until organisms were found 
not the millionth of an inch in diameter. 
Those who deny spontaneous genera- 
tion, or that living beings are directly 
engendered out of matter, are only able 
to do so by prolonging their vision be- 
yond the sensible evidence, and assum- 
ing that Nature is pervaded by infinitely 
tenuons, inscrutable, though still mate- 
rial life-germs. But, whatever the pro- 
cesses by which Nature breaks into this 
multitudinous life, it is undoubtedly 
done through an inflexible system of 
law. There is no irregularity, caprice, 
or miracle, about it; it is a phase of 
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the established order of things, and vital 
effects can no more be dissociated from 
the properties and powers of iatter 
than ean chemical or physical effects. 
llow far it is possible to unravel the 
mysteries of life is not the question; 
how erroneous may be existing theorigs 
upon the subjeet is nut now the ques- 
tion. Ilypothetical views in relation 
to it may be false, and the problem 
itself may be insoluble; but, whether 
this be so or not, or how far the solu- 
tion is possible, it is for science alone 
to determine. Certainly it is not for 
those who have ever disdained the strdy 
ot matter to tell us what it can do and 
what it cannot do, and how far science 
is to be permitted to go in exploring it. 
Those who revile matter, and invent 
insulting epithets to be applied to those 
who study it, and who consign to exe- 
cration one of its devoted students for 
expressing © more exalted sense of its 
wonderful offices, are evidently not well 
prepared to instruct us upon the subject. 

The theologians are now freely using 
the harinonies and adaptations of Na- 
ture as proofs of wisdom and design on, 
the part of the Creator. But to whom 
are they indebted for a knowledge of 
this evidence? To the scientists who 
have disclosed this order, harmony, and 
adaptation, by the study of matter. The 
domain which theology of old allotted 
to the devil, science has rescued to the 
service of religion by the revelation of 
its marvelous powers and capacities; 
why, then, condemn the scientist it, 
pushing on his investigation yet further, 
he claims to diseern yet higher poten- 
cies and possibilities in this divine ma- 
terial of which the universe is constitu- 
ted? 


DINER AL-COLLECTING. 


In accordance with the wishes of 
many mineral -collectors, who regard 
the practice in vogne among mineral- 
ogists, of exchanging the minerals of 
their own for those of other localities 
by a system of barter, as in many re- 
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spects unsatisfuetory and unproductive, 
Prof. Leeds, of the Stevens Institute, 
has proposed in a printed circular, a 
copy of whieh has been placed in our 
hands, to diseontinue this time-honored 
custom, and to inaugurate a system of 
purehase, In accordanee with a plan 
stated in an article entitled ‘State Geo- 
Jogical Surveys,” in Tne Poputar Sct- 


/ ENCE Montnry of June, 1873, he has 


collected the minerals occurring within 
the province in which the institution 
with which he is connected is located. 
Quarrymen have been kept constantly 
employed in blasting for a number of 
months past, and several thousand 
specimens have been obtained, all of 
whieh have been paid for at the prices 
usual for this description of labor. It 
is evident that finely-crystallized min- 
erals collected in this way can be ex- 
changed in the ordinary fashion of bar- 
ter, only at peeuniary loss in most 
cases, and nearly always with some 
measure of dissatisfaction to one or the 
other party in the transaction. Those 
who have been most generous and fair 
in their exchanges have been those who 
have suffered most. Instead of barter- 
ing, the circular announces that prices 
sufficient to evver the expenses of col- 
leeting have been placed upon the 
specimens, and they are to besold. The 
money received from their sale will be 
devoted to the purchase of specimens 
for the institute collection, and min- 
crals sent as exchanges must be priced 
by the senders, and paid for on the 
same principles as regulate tle purehase 
of chemicals, apparatus, or any other 
commercial article. For explanatory 
cirenlars, catalogues, ete., address Prof. 
A. R. Leeds, Stevens Institute, Hobo- 
ken, New Jersey. 


PROFESSOR CAIRNES ON WOMAN 
SUFFRAGE. 


Gotpwin Suitr’s article upon this 
subject, which was reproduced in the 
August Monty, has been replied to 
in Macmillan’s Magazine, where it first 
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appeared, by J. E. Cairnes, the distin- 
guished Professor of Political Economy 
in University College, London, The 
article, thongh a spirited polemic, con- 
tributes but little to the radical ques- 
tion, and in our opinion by no means 
satisfactorily answers Prof. Smith’s ob- 
jections; while we are far from think- 
ing that Mr. Smith limself went to the 
root of the subject in giving the reasons 
of his positions. Ife is of opinion that 
the extension of political suffrage to the 
female sex would prove destructive to 
free institutions, which Prof. Cairnes 
thinks a groundless and absurd appre- 
hension. But this grave question we 
believe cannot be determined without 
going deeper into the subject than 
either of these writers has done. If the 
natures of women are the same as those 
of men, then their enfranchisement 
might be expected to produce but little 
change in the course of political affairs ; 
but if women are profoundly diferent 
in mental and emotional constitution 
from men, then the entrance of this 
new element into the political sphere, 
by which the voters wonld be more 
than doubled, would certainly alter the 
composition of political forces and the 
direction of political movement. It is 
worthy of remark, in passing, that the 
leading advocates of woman suffrage, 
while atlrming the cqnality of the 
sexes and the essential identity of the 
masculine and feminine mind, never- 
theless urge the policy of female en- 
franchisement on the ground of the 
numerous new results that would fol- 
low, and which would be widely dif- 
ferent from those now realized. 

There are but two ways of ascer- 
taining what these conseqnences wonld 
be: first, by making the experiment on 
a national scale and for a lengthened 
period, because, in the absence of revo- 
lation, changes in social and civil types 
proceed slowly. The second method of 
ascertaining the consequences of female 
enfranchisement, and the only practi- 
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the nature of political institutions on 
one hand, and from the female eharac- 
ter on the other. We are here con- 
fronted with three scientific probleras. 
We have to consider the natural con- 
stitution of society, and find out what 
are the laws of social change, and the 
conditions under which social develop- 
ment has thus far taken place. This 
subject is deeper than polities, whieh 
deals with conventional arrangements, 
and what we may call the superficies 
of society; and goes down to those re- 
lations that underlie all political forms, 
and pertain to the essential unfolding 
of humanity. We have also to con- 
sider woman in the light of bivlogieal 
soience—that is, the physiological na- 
ture, modifications, and limitations of 
her sex; and we have again to stndy 
her inenta] and emotional traits as de- 
termined by her biological constitution 
and maternal experience. These we 
hold to be the fundamental problems 
of the woman question, which must be 
elucidated before there can be any snf- 
ficient data for intelligent action; and, 
until they are more fully elucidated 
than at present, all action will be but 
blind and hap-hazard experiments, and 
far more likely to produce evil than 
good, 

We publish that portion of Prof. 
Cairnes’s article—the most important 
part—in which he deals with the re- 
lation of woman suffrage to the fam- 
ily; but the argument is unsatisfae- 
tory. The “element of weakness in 
the family, as things now stand,” he 
says, is the “want of sufficient snbjects 
of common interest between man and 
woman;” certainly a most astound- 
ing averment. Man and woman in 
the family mean husband and _ wife, 
father and mother, growing children, 
home-education, the forination of ehar- 
acter and the outer social relations that 
spring from the family circle. The 
home, by its very constitution, is at 
the same time the centre of the ten- 


calle method, is, to infer them from | derest and strongest emotions, and the 
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place where all the faculties of the in- 
tellect may be brought into the full- 
est exercise. From the most trivial 
questions of the ordering of the honse- 
hold, up to the ever-impending eontin- 
gencies ot’ life and death, there is ocea- 
sion for sleepless solicitude, unremit- 
ting thought, and extensive knowledge. 
There is room for the play of the es- 
thetie faculties and a cultivated taste; 
there is need of light from yarions 
sciences; there is demand for a cautious 
logic; there is required a direct knowl- 
edge of things, as well as of book in- 
formation, and also a training in prac- 
tical household concerns. All these 
are constant and pressing subjects in 
which both father and mother should 
be interested and instructed, upon 
which the very destiny of the family 
depends. And yet Prof. Cairnes tells 
ns that the present clement of weak- 
ness in the family is the ewant of sufti- 
cient subjects of common interest! He 
is mistaken; there are subjects enough 
of mutual concern, but the element of 
weakness is that they are neglected. 
lle would elevate and strengthen the 
tanily by having the women go into 
politics; we are qnite clear that this is 
not the way the family is to be ele- 
vated and improved. Prof. Cairnes’s 
remedy is no remedy at all, and would 
rather be a fatal hindranee. The gen- 


era] effect would be to preoccupy the | 


feinale mind with public instead of 
private and domestic interests; and to 
divert attention from those home ques- 
tions which are in fact a thousand 
times more important to the eommn- 
nity than the issues of partisan strife, 


THE RIGHTS OF ORIGINALITY, 

To fair-minded readers, apology will 
be unnecessary for the very consider- 
able space that we devote this month 
to the relation of Ilerbert Spencer to 
the doctrine of Evolution: the miseon- 
eeptions that have prevailed, regarding 
Mr. Spencer's relation to this great doc- 
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trine, make sneh a statement as this in- 
dispensable in the interest of justice. 
Much of the misunderstanding and er- 
roneous representation is undonbtedly 
due to the general ignorance of a sub- 
ject whieh has recently attained unex- 
peeted prominence, and has to be dis- 
eussed by many who are not well in- 
formed about it. For example, in an 
able and liberal article on Prof. Tyn- 
dall’s late address, in Harpers Weekly, 
Mr. Darwin is declared to be “the most 
famous expounder of Evolution.” This 
is so far from being true, that Mr. Dar- 
win has never even attempted any such 
thing. Ie has devoted his life to special 
and important researches, which bear 
upon the principle of organic develop- 
ment; but his writings, though rich in 
biologiea] contributions to the qnestion, 
do not eontain any thing like a full or 
comprehensive exposition of the snb- 
ject. Whole traets of the inquiry they 
do not touch; the general evidence of 
the truth of Evolution they do not give; 
nor do they subject the problem to that 
rigorous analysis into its ultimate ele- 
ments and factors which scientific in- 
vestigation requires. Mr. Darwin has 
shown with great learning how the 
principle of natural selection gives rise 
to diversities of organie speeies; but 
natural selection is no more Evolution 
than a fusee is a watch, or a throttle- 
valve a steam-engine; and Jurper's 
Weekly might as well send its readers 
to a treatise on Arches to get a knowl- 
edge of Arehiteetnre as to Mr. Darwin’s 
writings to get a knowledge of Evolu- 
tion. Perhaps no living man is better 
acquainted with what Mr. Darwin has 
done than Prof. Huxley ; but, in 2 lect- 
ure before the Royal Institution of 
Great Britain, he said: ‘The only com- 
plete and systematic statement of the 
doctrine” (Evolution) “ with which I 
am acquainted, is that contained in Mr. 
Nerbert Spencer’s ‘System of Philoso- 
phy,’ a work which should be earetnily 
studied by all who desire to Know 
| whither seientifie thought is tending.” 
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Tt is to correct errors like this, which 
are wide-spread and do serious injustice 
to Mr. Spencer, that we have thought 
it necessary to go carefully into the 
subject, and furnish the evidence on 
which Mr. Spencer's claims to original- 
ity are founded. 


PHOTOGRAPHY AND TIE 
CENTENNIAL. 


CHEMICAL 


Tr was fitting that, at the Priestley 
centennial of the discovery of oxygen 
gas, two of the grandest achievements 
of modern science should have been 
called into requisition, to make the 
event known far beyond the circle of 
those who participated in the occasion. 
The telegraph reported the doings to 
all the contemporary world who cared 
about them, and the photograph pre- 
served many of its interesting features 
pictorially, for the benefit of future 
generations, It was the general wish 
of those present that photographs 
shonkl be made of the house which 
Dr. Priestley built and in which he 
died, and of the collections of Iris sci- 
entific apparatus. We are happy to see 
that this desire has been complied with, 
and a series of pictures taken, which 
represent the objects of chief interest 
in the celebration, No, I. is a group of 
chemists, representing 72 figures of the 
scientific men who attended the cen- 
tennial meeting; No. I. Dr. Priestley’s 
residence, showing the house and lab- 
oratory; No. TE. Copy of a rare old 
engraving, showing the fury of the mob 
which destroyed Priestley’s house in 
Birmingham ; No. 1V. Priestley's chemi- 
eal apparatus; No. V. IZis electrical ap- 
paratus; No. VI. His physical apparatus, 
These three groups are from the Loan 
Exhibition. No. VII. Interior view of 
the Loan Exhibition; No. VIII. Head- 
stone of Priestley’s grave. These pho- 
tographs are mounted on eight by ten 
Bristol board, price 50 cents each, or 
$3.50 for.the set of eight. They may 
be ordered from Lonis H. Laudy, School 


of Mines, Columbia College, New York, | 
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Tue Britprye or a Bratx. By Epwarp 
H. Crarke, M.D. 153 pages. Price, 


$1.25. Boston: J. R. Osgood & Co, 

Dr. Crarke did the country a service 
last year, by publishing his little volume 
entitled “Sex in Education,” in which he 
called attention to some physiological points 
in the school-experience of girls, in such a 
way as to provoke half a score of replies, 
and to bring the subject very effectually 
before the public. He took ground against 
co-education, or the subjection of girls to 
the same conditions of study as boys, and 
showed how that system works serious and 
extensive injuries to the female constitution, 
The kttle volume now issued, while it Is not 
a formal reply to his erities, pursues the 
subject of the physiological basis of eduea- 
tion. Instead of dealing witl: mind as an 
abstraction, he takes up the brain in which 
it is embodied, and shows how mental devel- 
opment is, at bottom, really a process of 
“brain-building.” Metaplrysical vagueness 
is here escaped, and we have to deal with 
tangible and definite results that are de- 
pendent upon established laws. The body is 
thus brought into account, and we see how 
education, or mental development, is so 
deeply complicated with physiological con- 
ditions, that these can never be neglected 
in the intelligent consideration of mental 
culture. 

At the close of this special essay, Dr. 
Clarke appends a mass of valuable testi- 
mony in regard to the practical workings 
of the system of co-education. The short 
article in onr preceding pages, which we 
have entitled “ Educated to Death,” is taken 
from this portion of Dr. Clarke's book. By 


| direction of the State Board of Health of 


Massachusetts, Dr. F. Winsor, of Winches- 
ter, collected some valuable statistics on 
“School Hygiene,” and the effects of co- 
education formed one feature of the inves- 
tigation, Circulars were sent to physicians, 
teachers, and others im the State, soliciting 
information in answer to questions. Re- 
plies were received from one hundred and 
sixty persons, of whom one hundred and 
fifteen are stated to be physicians ; nineteen, 
physicians and members of sebool commit- 
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tees ; fourteen, teachers of experience, and 
six, superintendents of schools, 
requested that all the replies should be 
“based on personal observation.” The 
question, “Is one sex more liable than the 
other to suffer in health from attendance on 
school?” was answered substantially as 
follows ; 


Females more liable than males, by..... 109 
Males more liable than females, by...... 1 
Both alike liable, by... 2.20.00. 000 cece 81 


Neither is in danger, by. 4 
Not in district schools, by......-.....-6 1 
Not if both sexes exercise alike in the 
open air, by 1 
Unable to answer, by 5 


To the question, ‘Does the advent of 
puberty increase this liability?” the an- 
swers came : 


MGS P bY es nae citatawee sad acebnentae 120 
INO§: DYjorbisisedtseieie ribaee tis geeeaates oe 12 
Uncertain, DY... .. ce eee eens wigs ares eiee 9 


Many of the correspondents aceompa- 
nied their replies with comments which 
were mostly in the following strain : 

“The female scholars are more suseep- 
tible to emotional influences, and if there 


be stimuli in sehool, appealing to pride and | 


vanity, they are so emulous as to injure 
themselves.” 

Again: “This baleful result beeomes 
very strikingly manifested as the girls ap- 
proach the age of puberty. Under the ab- 
normal conditions of the physical system 
produeed by this cause, not only do the 
more ennilous and studious girls suffer from 
the study which they evidently ought to 
intermit, but the ordinary and habitual 
task-work necessary to keep abreast of the 
studies is far too severe a draught on many 
constitutions.” 

Again: “This greater Hability in the 
female is an established fact ; and our State 
and local School Boards should at once 
take steps to modify our system of educa- 
tion in accordanee with the fact, however 
great may be the ehange required.” 

From varions communications reeeived 
by Dr. Clarke with referenee to the work- 
ings of co-cdueation, we extract the follow- 
ing from that of D. H. Cochran, LL. D., 
the distinguished head of the Brooklyn Col- 
legiate and Polytechnic Institute, who had 
ten years’ experience of eo-edueation in the 
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New York State Normal School. Dr. Cock- 
ran says it had been observed that a large 
number of students who left the institution 
were unfitted for teaching by impaired 
health, so that Dr. Woolworth made an 
appeal to the commissioners “to send only 
such students to the school as possessed 
a sound physical organization. . . 
“Notwithstanding his earnest efforts, 
the evils of failing health on the part of our 
female pupils eontinued, and the consequent 
ineapacity to discharge the duties for which 
the State was educating them. But the 
faets were hardly suspected until suggested 
accidentally, in 1866, and then the reports 
of Dr. Bailey, who had been consulted by 
a large number of the female pupils, and 
of a lady in the faculty of the school, re- 
vealed the astounding fact that, among 
about one hundred and eighty female pu- 
pils then in the school, there were over 


| twenty cases in which the periodical func- 


tions peculiar to the sex had ceased for 
over two mouths, and that there was a much 
larger number of similar eases, less serious. 
Even then, the causes were attributed to 
stairs, bad ventilation, and recklessness of 
health, without suspicion that the evils were 
inherent in a system which imposed upon 
the female eontiuuous labor, and in amount 
equal to that of the male, who was in many, 
and perhaps in the majority of eases, her 
intellectual inferior, but who was the in- 
heritor of continuously rugged health... . 

“The logic of facts, to which our eyes 
were so slowly, and I fear unwillingly, 
opened, finally led to a more elastic course, 
optional to the females. But, while this 
gave relief to a part of the pupils, it aug- 
mented the evils to others; for the more 
ambitious regarded the exemption from 
advanced mathematies as a reflection upon 
their intellcetual ability, and persisted in 
taking the severer course in spite of the 
advice of their teachers... . 

“ This spirit was indicated in the remark 
of one of these pupils to a lady-teacher who 
was advising her to drop the mathematics 
of the senior year, on account of failing 
health, She said, ‘I will do it, if it kills 
me.’ Weean hardly wonder that the teach- 
er impatiently replied: ‘If it killed you, 
perhaps it wonld not so much matter; but 
are you quite willing to impose upon your 
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friends the burden of your lifelong help- 
lessness ?? 

“T urge the separate higher edueation 
of females solely upon physical grounds. 
My experience has forced me to this. I 
have a record of my former pupils who 
stood high in their elasses, who did their 
work with seeming ease, but who have been 
unable to teach, and now coufess that they 
date the beginning of their present sufler- 
ings to the continuous labor of school. I 
have in my mind, as I write, the ease of 
a young lady from Tioga County, now re- 
siding in this city, who stood foremost in 
her elass, and without apparent effort, but 
who has never beeu iu sound health since 
her graduation; and she attributes her 
present condition to the insensible ex- 
haustion of her elass-work, Yet she would 
have been the very last to confess over- 
work while a pupil; and [ donot think that 
either she, or her teachers, then suspected 
it.” 


L’Astronomig PRaTIQUE ET LES OBSERYA- 
TOIRES EN EUROPE ET EN AMERIQUE DE- 
puis LE Mitreu pu XVII Since sesew’ A 
nos Jours. Par C, Anoré et G. Raye, 
Astronomes Adjoints de l'Observatoire 
de Paris. Premiére partie.—Angleterre, 
Paris: Gauthier-Villars, 187-4. 

(Practical Astronomy and the Observatories 
of Europe and Ameriea, from the Mid- 
dle of the Seveuteenth Century until the 
Present Time. By Anpré and Rayer, 
Assistant Astronomers in the Paris Ob- 
servatory. Part I.—Eugland.) 

Tuis is the first of a series of three vol- 
umes to be published for the joint authors, 
who are both skillful and able astronomers, 
known iu the scientifie world by various 
important researches. This volume treats 
of the observatories of England alone, and 
it is to be followed by two others treating 
of those of Scotland, Ireland, the Continent, 
and America, 

The design of the work is most excellent, 
and its execution is thoroughly good, as in- 
deed might have been anticipated. In brief, 
the plan of the authors has been to give a 
short history of each of the many institu. 
tions devoted to practical astronomy, with 
a sketeh of the life and works of each of 
the directors who has been in charge of it, 
as well as an account of the principal instru- 
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ments and the uses to whieh they have been 
devoted. 

Quite a number of very good woodcuts 
are supplied, whieh give perspective views 
of some of the most important instruments, 
and these alone lend great value to the book. 
Many of these cuts are derived from en- 
gravings given in the publications of the 
various observatories, and they are theve- 
fore accessible to all who can consult any 
of the great libraries; but the eolleetion of 
these into one volume is a great convenienee. 

Quite a number of the cuts, however, 
must have been copied from photographs 
privately distributed, which, of course, are 
not generally aeeessible, nor widely known, 
and for the reproduction of these we eannot 
be too grateful. We may instance the ex- 
tremely interesting eut of Mr. Newall’s great 
telescope of 25 inches aperture (made by 
Cooke, of York), which was the largest re- 
fractor in the world until the mounting of 
the Clark telescope at the United States 
Naval Observatory at Washington, in 1873. 

al propos of large telescopes, the authors 
tell us that the two large disks of glass (30 
inches in diameter) which have been in the 
possession of the Paris Observatory since 
1855, are shortly to be ground into lenses 
and mounted, so that, provided the oper- 
ation of grinding is sueeessful, and no un- 
known flaws in the glass exist, Paris will 
soon have a larger equatorial than any now 
mounted. 

Americans, however, may console them- 
selves with the thought that the magnificent 
gift of Mr. Lick, of San Francisco ($700,000), 
will soon become available “to construet a 
more powerful telescope than any now in 
the world,” and they may safely trust to the 
artistie skill and to the scientific sagaeity 
of the Clarks, to whom the work will un- 
doubtedly be confided, to make the most 
perfeet instrument yet known. 

The book treats largely, too, of the his- 
tory of the private observatories of England, 
and it is no small convenience to have gath- 
ered into one volume material which, if in 
print at all, is seattered through many vol- 
umes of rare periodicals and books, 

In this volume 50 pages are devoted to 
the Observatory of Greenwich alone, and 
then follow accounts of those observatories 


which belong to universities, to learned 
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socicties, or to cities; and, finally, 80 pages 
are concerned with the observatories of 
private gentlemen, 

It will be seen that this is a very full 
account, and we may say that, besides being 
a book of great interest to the astronomer, 
it will be highly interesting to the general 


reader who is anxious to be informed about | 


this important subject. 

We notice very few omissions: the most 
striking one, however, is the absence of any 
account of the Bedford Observatory, of Ad- 
miral Smyth, which should be notable if only 
as the birthplace of the “ Bedford Cata- 


logue,” one of the most curious of astro- | 


nomiea) publications. 

Perhaps the omission of the eelcbrated 
eatalogne of “ Double Stars” from among 
the works of Mr, Dawes, the noted observer 
of double stars, might also be mentioned. 

But these are minor points, and do not 
prevent the book from being a perfect sue- 
cess, creditable to its authors, and a valuable 
contribution to the literature of astronomy, 

We look forward with eagerness to the 
appearance of the remaining two volumes. 

It is to be hoped that the book, or at 
least that part of it which refers to the ob- 
servatories in the United States, may be 
translated into English, for the use and in- 
formation of many Americans who will net 
see the original French edition. 

Since Loomis’s “ Recent Progress of As- 
tronomy in the United States,” nothing of 
importance has been published here, on this 
subject, if we except two papers on obser- 
vatories in the United States, which have 
recently appeared in Harper's Magazine. 

There undoubtedly exists among Ameri- 
cans a very strong interest in astronomy 
generally and in the doings of observatories, 
and a greater knowledge of the many insti- 
tutions of this kind in the United States 
would undoubtedly lead to more intelligent 
and concerted action on the part of the 
private gentlemen who own them. 

For example, if a person who has a 
fine meridian instrument knows that the 
Harvard-College Observatory is observing 
a eertain zone of stars, he will not commit 
the folly of wasting his time and his labor 
hy doing the same work, but will rather 
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often the question, and this book supplies 
in a measure the want, for it tells us what 
is doing. 

Perhaps this is as good a plaee as any 
to eall the attention of amateur astronomers 
to the important work which they may do, 
if they will only choose scme special sub- 
ject, make themselves familiar with what 
has been done in it, and then devote even 


‘a small portion of time to its regudar and 


systematic pursuit, 

Numerous examples of such valuable 
work done by amateurs are to be found 
in the book before us: and in many cases 
this work was done by gentlemen who were 
not able to devote their whole time, or any 
thing like it, to astronomy. 

Dawes, the great double-star observer ; 
Carrington, the assiduous observer of cir- 


| cumpolar stars, and of solar spots ; Lassell, 


the great physical astronomer; with De La 
Rue, Ifuggins, Lockyer, and others, have 
done permanent good to science, and have 
acquired great reputation, while most of 
them followed other pursuits. 

And we may hope that such know ledge 
as is attainable from this book will induce 
American amateurs to limit themselves to 
some useful but special inquiry in which 
they may gain credit, and render useful 
E. A. H. 


service to astronomy. 


Tne JocuRNAL OF SPECULATIVE PHILosopHy, 
July, 1874. Quarterly, whole number 
31. Trice 50 cts. a number, or $2 a 
year, Edited and published by Wit- 
Liam T. Harris, St. Louis, Mo. 

Tus periodical, which has come to be 
recognized as the organ of speculative 
thought in this eountry, has now reached 


its eighth volume, and the series forms a 


philosophical library of great value to meta- 
physical students who keep up their interest 
in abstract and abstruse inquiries, It is the 
policy of the editor to make his periodical 
not so nuich a vehicle of contemporary spec- 
ulation as a summary of the doctrines and 
expositions of the greatest philosophical 
thinkers of past times. Accordingly, the 
published volumes will be found largely oe- 
eupied by essays and discussions from the 
writings of such men as Leibnitz, Descartes, 
Kant, Fichte, Schelling, Tiegel, Goethe, Ro- 


turn his attention to something which is yet | senkrantz, Schopenhauer, Hartmann, Her- 


undone. To know what is yet undone is 


der, Trendellenburg, and others. From such 
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writers we have in the pages of’ this maga- 
zine an authoritative and all-sided preseu- 
tation of metaphysical questions, such as 
can be otherwise obtained only by ransack- 
ing extensive libraries. Au important feat- 
ure of the magazine the considerable 
space it devotes to the eriticism and inter- 


is 


pretation of the works of art, poetic, dra- | 


matie, musical, pictorial, architectural, ete. 
The first article of the July number of 
this magazine is an addition to the volumi- 
nous literature of Shakespearean critivisin, 
by D. J. Snider, In an acute and ingenious 
analysis of ‘ The Tempest” the author ains 
to show that this drama is a profound phil- 
osophieal study of two worlds, the real and 
the ideal. 
doctors, and svientists, to find every 
thing in Shakespeare as fast as it is discov- 
ered elsewhere, so the present writer would 
seem to assume that the poet had anticipated 
the last resuits of German metaphysies. Will 
not this vein at length give out? Daniel 
Wilson has lately been over the same ground, 
and deyoted a solid voluiuc to prove that in 
“ The Tempest” Shakespeare has anticipated 
the modern doctrine of Evolution, Among 


lawyer 


the questions debated by the schoolmen of | 


the middle ages, the following is reported : 
“Was <Adain, while yet without sin, ac- 
quainted with the ‘Liber Sententiarum? of 
Peter Lombardus, Bishop of Paris?” It 


would seem to be an open question with’! 


many of our later eommentators and school- 
men, whether Shakespeare may not really 
have been acquainted with the works of Dar- 
win and Ievel! “ The Musie of Color,” the 
second article, is an ingenious and instruc- 
tive statement of the analogies of light and 
sound as explicable on the wave-theory. 
Many ettorts have been before made to find 
harmonie relations between the speetrum 
and the gainut, but the results have been 
regarded as unsatistactory, The present 
writer presses the analogy in many partieu- 
lars, and is contident that it will ultimately 
be fully established. In the third article 
Prof. Vera treats of “Ideas as the Essences 
of Things.” He takes the hich Platonic 
ground of independent and eternal ideals, 
saying: “* The force that produces the plant, 
and according to which the plant grows and 
dies, is its idea. The real and absolute 
germ is not the individual and external cerm 


As it is latterly the fashion for | 
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we touch and see, but the idea by which 
the external germ is created and endowed 
with the necessary force for its growth and 
preservation.” “ Thoughts onthe Intelleet” 
is a translation from one of the powerful 
works of Schopenhauer, in which that pesti- 
lent old pessimist puts the entire philosophy 
of things in the following nut-shell: “ The 
laws and powers of Nature, together with 
matter in which they inhere, constitute here 
the given, and consequently the absolute 
real, taken generally; but regarded spe- 
eially, as innumerable suns and planets, 
floating in infinite space. These are there- 
fore, as the result, everywhere, nothing but 
balls, a part of which are shining, the rest 
illuminated. Upon the last, life has un- 
folded itself in consequence of a process of 
putrefaction, which, in gradual succession, 
produces temporary organic beings, rising 
and perishing through generation and death 
according to the laws of Nature governing 
the power of life, which, like all the others, 
make up the reigning (and from eternity to 
eternity) existing order of things, without 
beginniug or end, and without giving ae- 
count of themselves. The highest point ol 
this suecession is oecupied by man, whose 
existence also has a beginning, in its course 
many and great miseries, few and parsi- 
moniously-granted joys, and atter this, like 
every thing, has an end; after which, it is 
as if it never had been.” 

Mr. Stephen Pearl Andrews contributes a 
paper on the “ Revisal of Kant’s Categories.” 
He is the author, as is well known, of an 
elaborate philosophical system which he de- 
nominates ‘‘ Universology,” and one of the 
features of whieh is a nniversal language, 
Mr. Andrews is a philosophical linguist, and 
his studies have brought him to the conclu- 
sion that there ean be no comprehensive 
and perfected system of philosophie thought 
that does not include some meaus of sys- 
tematie security against the errors whieh 
arise from the defects of language and the 
multiplicity of tongues, In the present 
paper he takes the “ eategories” arrived 
at by the transcendental analysis of Kant, 
and seeks for those elements and conditions 
of the structure of Janguage which corre 
spond to these categories. He says: “The 
three eatezories of quantity are Unity, Mani- 
foldness, and Universality, which are no 


” 
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more than the same ideas which, in respect 
to grammar, we indicate by the terms ‘sin- 
gular, plural, and common.’” THe then pro- 
ceeds to trace out other analogies or cor- 
respondences, and shows that grammar 
throughout has its true basis in logic. 

The uumber before us of the Journal of 
Speculative Lhilosophy contains other arti- 
cles, as an analysis of the music of ‘ Rob- 
ert Schumann,” Herbart’s “ Rational Psy- 
chology,” and various minor discussions, but 
the essays notiecd will give an idea of the 
scope and variety of the subjects treated in 
its pages. If it be thought that this maga- 
zine is too sublimated in its speculations for 
practical service in this age, we must re- 
niember that the age needs Improving; that 
the tendency of all science is toward the 
establishment of generalizations or abstract 
punciples ; and we must not forget that this 
journal is edited by one of the most able 
and thorough of the practical educators of 
the country. ° 


Oxe Year or Science. Tribune Publica- 
tion. Priee, 25 cts. Contents: Seien- 
tifie Views of Comets; Philological Con- 
vention of Nartford ; Chemistry’s Cen- 
tennial; American Science Association 
of Tlartford. 

Tims pamphlet of 92 large pages, double 
columns and in small type, contains an im- 
mense amount of miscellaneous scientific 
information boiled down to a state of con- 
centration that is only equaled by the eheap- 
ness for which the whole is sald. There 
are nearly 150 articles, many of them quite 
full, some of them illustrated, and all of them 
on the latest aspeets, results, and tendeneies 
of contemporary scienee. 
cheap scientific publications, freighted with 
useful information for the people, the 777d- 
une is doing an important work of popular 
education, and deserves to be widely and 
Hberally sustained. 


In its serics of 


EXposcres IN 
Liam Frazier Ross. 
pleton & Co, 


Trre-Issurancr. By Wit- 
New York: D. Ap- 


Is the language of fire-insurance, all in- 
surable property is subject to certain ex- 
posures or liabilities to take fire. For in- 
stance, a building so situated in relation to 
a storehouse of oils or spirits, that, were 
the liquids to take fire, they would flow 
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toward it, is therein subjeet to an exposure, 
Exposures are numerous and varied in kind, 
and upon the number and quality of those 
to which a building is subjected does its 
rate of premium depend. This makes ap- 
parent the necessity for a reliable method 
of estimating the exposures. The difficulty 
hitherto in the way has been want of statis- 
tics, and this deficieney it is the object of 
this little volume to supply. In the main, 
it fulfills its purpose, but the habitual use 
of technical terms, without explanation of 
their meaning, and the occasional oceur- 
renee in close proximity of a word, first in 
its technical and then in its eommon ac- 
ceptation, is calculated to confuse the gen- 
eral reader. By its use, property-holders 
will be enabled to estimate for themselves 
the cost of insuring their property, and 
thus to establish a check on over-charges. 


Aw Isrroptction to The Srupy or Gen- 
ERAL Biotogy, By Tuomas C. Mactin- 
Lex. New York: GP. Putnam’s Sons. 
198 pages. Price, 75 cents. 

Tis is an ambitious attempt to supply 
what is still needed—a good text-book on 
biology for schools. The author deals cx. 
tensively with the torula, or yeast-plant, 


| bacterium, protoeoecus, and other low forms 
\ ro . . 
of life, and gives but a single example of the 


three highest branches. Jn this respect the 
subject-matter of the book is not properly 
balanced. While there is mueh to com- 
mend, there is much to object to in the ob- 
secure and shocking character of many of 
the figures, as being more likely to mislead 
than to aid. Many of them look faithful 
copies of hasty and erude pencil-notes of 


| hasty and erude drawings made on the 


blaek-board. 


SraTisticaL ATLAS OF THE Unitep States, 
Part JI. Population, Social and Indus- 
trial Statistics. 

Tis is part of a series of large folio 
maps intended to represent, graphically, 
first the progress of the United States, both 
as regards acquisition of territory and in- 
erease of population, and then the relative 
proportions of the various race-elements, 
To the illustration of these subjects are de- 
voted sixteen sheets of the atlas. The re- 
maining eleven sheets represent the ratio 
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to total population of illiteraey, of church 
accommodation, of producers, etc., and the 
distribution of wealth, public indebtedness, 
taxation, revenue, expenditures, and agri- 
cultural products, 


Tue Transit or Vexcs. By GeorcE Forses, 
B.A. Maemillan & Co. 99 pages, Price, 
$1.25, 

Tus timely little volume was contrib- 
uted in installments to Vudture, and these are 
now collected and issued in the neat form 
of Maemillan’s ‘Nature Series.” It gives 
an interesting account of the general sub- 
ject, first, in its historical aspect; seeond, 
the scientific conditions of the problem ; 
third, the preparations for solving it by the 
different nations. The volume is copiously 
iHustrated, and will meet the wants of gen- 
eral readers who wish io know something 
about the great scientific event that is to 
happen in December. At the close of the 
third chapter, the author thus recapitulates 
the technical view of the subject : 

“1. We know the relative dimensions of 
the solar system accurately; but we do not 
know the scale. 

“9. The determination of the distance 
of the earth from the sun, or from any of 
the plancts, at a fixed date, fixes the scale. 

“3. This may be determined (1) by the 
aid of a transit of Venus; (2) by an oppo- 
sition of Mars; (3) by a knowledge of the 
velocity of light, combined with observa- 
tions of eclipses of Jupiter’s satellites ; (4) 
by the veloeity of light and the constant of 
aberration ; (5) by the calculated effects of 
the sun's disturbance upon the lunar mo- 
tions. 

“4, 
ized : 

“(a.) By the determination of times of 
contact at different stations, combined with 
a knowledge of the longitudes of these sta- 
tions. 

“(4.) By determining the least distance 
between the centres of the sun and Venus 
during the transit, observed from different 
Stations, 

“%. This last determination may be 
made by any of these methods: 

“(1.) The photographic method. 

“(2.) The heliometric method. 

““(3.) The method of durations.” 


A transit of Venus may be util- 
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A Work or Great Iuportaxce.—The 
twelfth volume of the “ International Scien- 
tifle Series” is contributed by Dr. John W, 
Draper, and will be a “Tlistory of the Con- 
flict between Religion and Science.” It 
might seem strange that such a hisiory has 
never been written before, but the subject 
has had to wait for the historian. It is 
doubtful if there is another man living be- 
sides Dr. Draper who has had the peculiar 
preparation necessary for executing so diffi- 
cult a task. Dr. Draper's familiarity with 
seience ig extensive. He has cultivated 
large tracts of it as an original investigator, 
and with a suceess that has given him a 
world-wide reputation, Ife has also heen a 
life-long student of history, and has con- 
sidered Ins questions largely from his point 
of view as a student of Nature. Dr. Dra- 
per’s “ History of the Intellectual Develop- 
ment of Europe” is ove of the great books 
of this age; and that it is so appreciated 
is shown by the fact that it has been trans- 
lated into nearly all the languages of En- 
rope. The study of the problem of the 
intellectual development of man which has 
taken place in Europe in historic times, was 
a grand preparation fur treating the special 
relations of religion and science in their his- 
toric aspects. The volume is written in a 
remarkably clear and attraetive style, suit- 
able for all readers, and it abounds in fresh 
and striking views, vividly and boldly pre- 
sented. Dr. Draper's book is certain to 
make a profound impression upon the pub- 
lie mind. 


Proresson Tyrnpatt’s BELFast ADDRESS. 
With Preface and Additions, by the 
author. First authorized and revised 
edition. D. Appleton & Co. 68 pages. 
Price, 25 cents. 

In the Preface to this complete edition 
of his Address, Prof. Tyndall says that it 
was written in the Alps, and was sent home 
in installments to be printed; but, being too 
long for oral delivery, he was compelled to 
omit certain parts, while only what he read 
was given to the public. The omitted pas- 
sages are now supplied, the whole has been 
thoroughly revised, and a Preface is added 
in which the Professor pays his respects to 
some of his detractors. Regarding one of 
these imputations, he says: “In connec- 
tion with the charge of atheisin, 1 would 
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make one remark. Christian men are 
proved by their writings to have their 
hour of weakness and of donbt, as well 
as their hours of strength and of convic- 
tion; and men like myself share, in their 
own way, these variations of mood and 
tense. Were the religious views of many 
of my assailants the only alternative ones, 
J do not know how strong the claims of the 
doctrine of ‘ material atheism’ upon my 
allegiance might be. Probably they would 
be very strong. But, as it is, ] have no- 
tieed, during years of self-observation, that 
it is not in hours of clearness and vigor 
that this doctrine commends itself to my 
mind; that in the presence of stronger and 
healthier thought it ever dissolves and dis- 
appears, as offering no solution of the mys- 
tery in whieh we dwell, and of which we 
torm a part.” 


PUBLICATIONS RECEIVED. 
Geological Survey of Indiana. By E. T. 
Cox. Pp, 494. 

Yellow Fever Epidemic of 1873, 
Jerome Cochran, M. D. 
1874. Pp. 115. 

Bulletin of the Buffalo Society of Natu- 
yal Seiences, Vol. If, No. 2. Pp. 40. 

Transactions of the Wisconsin Academy 
of Seiences, Arts, and Letters, 1878-74. 
Pp. 254. 

Double Stars. 
Pp. 13. 

Catalogue of Forty-seven New Double 
Stars (same author), 


By 
Montgomery, Ala, 


By 8. W. Burnham, Esq. 


Molecular Change in Iron and Steel by 
Electric Currents. By John Trowbridge. 
Pp. 10. 

Frecing a Magnetic Bar from Earth's 
Magnetism (same author). Pp. 8. 

Increase of Magnetism in Soft Iron by 
Reversal of Magnetizing Current. By W. 
A. Burnham. Pp. 9. 
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Artificial Butter.—The Americun Chan- 
ist for April contains a very full account of 
the manufacture of artificial butter, of which 
the following is a synopsis: Some years 
ago M. Mege Mouriez was commissioned by 
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the Freuch Goveinment to make some re- 
searches with a view to obtain a product 
suitable to take the plaee of ordinary but- 
ter, to be sold at a much lower price, and 
capable of being kept without becoming 
rancid, M. Mege Mouriez placed several 
milch-cows on a strict diet. 
were quickly reduced in weight, and gave 
a proportionately less amount of milk; but 
this milk always contained butter. Where 
could it come from? M. Mege Mouriez be- 
lieved it was produced from the fat of the 
animal, which, being carried into the cir- 
culation, was deprived of its stearine by 
respiratory combustion, and furnished its 
oleo-margarine to the udder, and there, 
under the influence of the mammary pep- 
sin, it was changed into butyrie oleo-mar- 
garine, or butter. Guided by this observa- 
tion, M. Mege Mouriez was not long in ob- 
taining, by an ingenious process, from beef- 
suet a fat fusible at nearly the same tempera- 
ture as butter, and of agreeable taste, He 
then transformed this same fat into butter 
by a process similar to that of Nature. Tis 
process is as follows: The fat of newly- 
slaughtered beef, of the best quality, is 
ground up between two cylinders, and then 
falls into a deep vat heated by steam, and 
containing for every 1,000 kilogrammes of 
fat, 800 kilogrammes of water, and one kilo- 
gramme of potassic carbonate, besides twa 
sheep’s or pigs’ stomachs in small picees, 
The temperature is then raised to 45° Cent. 
and the mass carefully stirred. At the end 
of two hours the fat all rises to the sur- 
face. It is then let off into another vat, 
heated on a water-bath to 80° or 40° Cent., 
and two per cent. of sea-salt added, to facili- 
tate the depuration. In the course of two 
hours it beeomes clear, and presents a fine 
yellow color, and the odor of freshly- 
churned butter. Ilaving been carefully 
eooled, it is cut into cakes, packed in linen, 
and placed under an hydraulic press, and is 
then separated into two nearly equal parts, 
viz., stearine and liquid oleo-margurine. The 
stearine is used for inaking candles. After 
cooling, the olco-margarine is passed through 
cylinders under a shower of water to wash 
it and give it consistence: it constitutes 
an excellent cooking-grease. 

It is with oleo-margarine that M. Mege 
Mouriez, by operating in the following man- 


The animals 
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ner, makes his cheap butter: To 50 kilo- 
grammes of melted oleo-magarine in a churn 
he adds about 25 litres (26 quarts) of cow’s 
milk and 25 kilogrammes of water contain- 
ing the soluble parts of 1U0 grains of the 
mammary gland of the eow, The churn is 
then set in motion, and in fifteen minutes 
the grease and water become transformed 
into a thick eream, whieh in turn is changed 
into butter, The ehurning being ended, 
water is poured in and the butter separates, 
containing buttermilk, which must be re- 
moved, The product is then placed in a 
sort of kneading-machine composed of two 
cylindrical erushers, and placed under a 
stream of water. There it is worked in a 
way to change it “into well-washed butter 
of fine and homogeneous appearance.” 


The Todas—A traveler in Southern 
India, Colone] Wm. Marshall, ina work re- 
cently published, makes the world aequaint- 
ed with a very singular tribe of men, the To- 
das, who inhabit the plateau of the Nilghiri 
Hills. The Todas live in very small village 
eommunities of from twenty to thirty per. 
sons. Attached to every village is a cattle- 
pen, and a separate building, which eonsti- 
tutes the dairy and the dairyman’s abode. 
Their life is purely pastoral, and their sole 
dependence the buffalo. Though the land 
is fertile and the elimate delightful, they do 
not practise agriculture at all; and though 
their hills abound in game, they neither 
hunt nor trap any living thing. Their only 
domestic animals are the buffalo and the 
eat. They eat no flesh, living wholly on 
milk and butter, with riee and other vege- 
table food obtained in exehange from the 
surrounding population. Though on all sides 
they are hemmed in by strong and often 
quarrelsome tribes, they possess no weapon 
of offense; they never fight among them- 
selves or with their neighbors. They have 
no manufactures. Two men in every vil- 
lage are set apart for the dairy-work, leav- 
ing all the rest to lead an almost absolutely 
idle life. The Todas are quiet and digni- 
fied in their manners, amiable in disposi- 
tion, and very good-looking. Their abso- 
lute dependence on the buffalo has led them 
to form a religion in whieh this animal is 
the central figure. The dairy is saered, and 
no one except the dairyman and his assist- 
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ant is permitted to enter it. Duriug the 
term of office these two men have to pass 
absolutely retired aud celibate lives, they 
and their implements being touched by no 
human being. They keep in the dairy cer- 
tain relies—old eow-bells, knives, and axes 
—which are in the highest degree holy, and 
these the dairyman-priest salutes every 
morning with certain ceremonies, The peo- 
ple in general also salute the setting sun, 
and have some vague notions of a future 
state, 

The Todas number at present only about 
seven bundred souls. Formerly they prac- 
tised infanticide, but for some years this 
has eeased, and the tribe is now increasing 
in number, The primitive custom was to 
kill all female children of a family except 
one or two, The result was of course an 
exeess of males, and henee sprung the cus- 
tom of one woman having many husbands, 
This practice still continues. 
tables seem to show that considerably more 
male than female children are born. It is 
worthy of note that, although from time im- 
memorial consanguineous inarriage has been 
the rule among the Todas, still not more 
than oue per cent. are malformed. 


The eensus 


Tea- Adulteratious.x—One of the usual 
ways of adulterating tea is by the admixt- 
ure of leaves other than those of the tea- 
plant, For the deteetion of these foreign 
leaves, but little aid ean be given by ebem- 
istry, and it is best to study their botanieal 
and mieroseopical characters. Prof. Al- 
fred If, Allen gives, in the Chemical News, 
the following method for detecting adultera- 
tions of this kind: “Some of the sample 
to be examined,” says he, “is to be put in 
hot water, and when the leaves have un- 
folded, they are spread out on a glass plate 
and held np to the light, when the vena- 
tion, serration, ete., are readily observed, 
The primary venation of the tea-leaf forms 
a series of well-defined loops, whieh are not 
met with in most leaves used as adulterants, 
The serrations are not mere saw-tecth on 
the margin of the leaf, but actual hooks. 
The serration stops short, somewhat ab- 
ruptly, at some distanee above the base. 
The Assam tea-leaf is sometimes bi-serrate. 
At the apex of the tea-leaf there is a dis- 
tinet noteh, instead of a point. If we ex- 
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amine the under surface with the micro- 
scope aficr the separation of the cuticle, 
the peculiar and characteristic space be- 
tween the two cells of the stomata is readi- 
ly perecived. The long unicetlular hairs 
of the tea-leaf are also peeuliar. The em- 
ployment of caustic potash is desirable in 
observing these characters. 

“In the sloe-Jeaf the serratures are direct 
incisions, numerous, often irregular, aud ex- 
tending down to the base. There are no 
spines. The hairs are shorter and coarser 
than those of the tea-leaf, and are marked 
ina peeutiar manner, The elder-leaf is more 
pointed than that of the tea-plant, and the 
lobes are unequal at the base. The serra- 
tures are direct incisions. The midriff has 
hairs on it, and on the leaf itself there are 
several kinds of hairs, notably a short, spin- 
ous, striated hair, which occurs on the up- 
per surface. The serratures of the widlow- 
leaf much resemble those of tea, but the 
cell-walls of both the upper and under 
epidermis differ from those of the tea-leaf 
in not being sinuous, and there are long, 
coarse, striated hairs. When perfect, the 
elongated form of the willow-leaf sufficient- 
ly distinguishes it from tea, and the rena- 
tion is also entirely different. The chief 
foreien leaves added by the Chinese are 
those of Chlurauthus inconspicuus and of 
Canullia sasanqua, the latter of which pre- 
sents a close resemblance to the tea plant.” 


Usefulness of the Rebin.—Pitying the 
ignorance of farmers, and country-people 
generally, touching the habits and useful- 
ness of the robin, and pitying equally the 
poor bird itself for the abuse which this 
ignorance brings upon it, Caroline Bryee, 
in the April Naturalist, has rendered a ser- 
vice to both by pointing out in a very in- 
teresting way the value of the bird to the 
country, and the mistake that is made in 
attempting to drive it from our ficlds and 
groves. “The robin has two broods in a 
season, cach brood varying in number from 
two to tive. The young are fed exclusively 
on inseets, and their rapid growth and 
consequent voracity, only equaled by the 
larvee stage of insect-life, makes an abun- 
dant supply of inseet-food an indispensable 
requirement, The food of the mother-bird 
is also chiefly insects, and this double de- 
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mand makes the robin a valuable assistant 
to the farmer and horticulturist in keeping 
under insect pests. 
posed habit of cherry-eating, the author 
is of opinion that it is attracted chiefly by 
the color of the fruit, and not by any spe- 
cial liking for it as food; that it picks the 
eherries for the same reason that it picks 
to pieces a red flower. Instead of being 
an enemy to the cherry-crop, it is in reality 
a most important aid in securing an abun- 
dant supply of healthy fruit. If I shonld 
venture to say that not a cherry would 
grow, fit to be eaten, were it net for the 
birds, the bare idea would be hooted as 
preposterous, yet such, nevertheless, is my 
belief. Were it possible to remove all the 
birds out of the way, for one season at 
least, what a decided diflerence would our 
future orchards present! Where now are 
thrifty growths, beautiful leafage, and large 
crops of fair fruit, would be seen stinted, 
moss-grown limbs, with sparse or meagre 
foliage, crops of dwarfed specimens, that 
have finished their growing, in a knotty, 
wormy, inferior state. The majority of all 
the large families of insects are bred in the 
earth, and go through various forms in dif- 
ferent stages of existence, and are devoured 
by birds of every description, chief among 
which stands our friend the robin,” 


Regarding its sup- 


How Leaves are blanched by Bright 
Sunlight. — The leaves of certain plants 
grow pale in the full glare of the sun, and 
it becomes a question whether this change 
is due to a diminution of the amount of 
chlorophyll. Mr. II. C. Sorby has repeat- 
edly analyzed the leaves of snch plants, 
but the result showed that sunlight or shade 
makes no difference in the quantity of the 
chlorophyll. He therefore came to the 
conclusion that the change in color is due 
to some mechanical alteration in the struct- 
ure of the leaves, This conclusion is eon- 
firmed by the independent researches of a 
French observer, Prillicux, According to 
the latter, exposure to bright light causes 
both granular and amorphous eblorophyll 
to collect together at the sides of the eells, 
instead of being more evenly distributed, 
The result is, that a much larger relative 
quantity of white light is reflected, and the 
leaves appear of a paler and whiter green. 


MISCELLANY, 


Fossil Horses.—In the American Nat- 
uralist for May, Prof. O, C. Marsh las an 
article on ‘Fossil orses in America,” in 
which he says that the remains of equine 
mammia}s hitherto found in the Tertiary and 
Quaternary deposits of this country repre- 
sent more than double the number of genera 
and species occurring in the strata of the 
Eastern Hemisphere. It is in ancient lake- 
basins of Wyoming and Utah that the old- 
est equine remains have been found. These 
belong to the genus Orohippus, and are of di- 
mminutive size, hardly larger than a fox. The 
skeleton of these animals resembled that 
of the horse in many respects, but, instead 
of a single toe on each foot, the various 
species of Orvhippus had four toes before 
and three behind, all of them reaching the 
ground, Of Ovohippus Prot. Marsh has 
found four distinct species. The genus 
Miohippus makes its first appearance in the 
Oregon basin. It is distinguished from the 
Orohippus chiefly in that it has only three 
toes in the fore-foot, as well as behind. 
Iu this genus all the toes reached the ground. 
In the same deposits the genus Anchitheri- 
um oecurs, being represented by a single 
species. The animals of these two genera 
are all larger than Orohippus, some of them 
exceeding a sheep in size. Of the Pliocene 
genera more than twenty species have been 
described, all apparently larger than their 
Miocene relatives just mentioned, but all 
smaller than the present horse. In the 
Upper Pliocene, or more probably in the 
transition beds above, there first appears a 
true Kywus, and, in the Quaternary, remains 
of this genus are not uncommon. Thns 
there is a continuous development in the 
direction of the modern horse, and it seems 
very strange that none of the species should 
have survived. 


Tidal Inflacnee on Vegetable and Ani- 
mal Life.—The following dispatch was sent 
by A, N. Duffre, United States consul at 
Cadiz, Spain, and communicated to the De- 
partment of Agriculture by the Secretary 
of State : 

A Madrid paper, entitled Le Epoca, has 
published an artiele sigued by Don Luis 
Alvarez Alvistur, on the influence of the 
tides on vegetation, in whieh the writer 
announces a new theory, based on the re- 
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sults obtained during fourteen years de- 
voted to experimental rescarch, by an en- 
lightened landed proprietor of Lorca, in 
the province of Murcia. 

The theory adopted was the direct in- 
fluence of the tide on the circulation of the 
sap, and its experimental application, after 
determining the meridian of the estate, and 
tabulating the corresponding hours of ebb 
and flow, has been the felling and lopping 
of forest-trees solely during the hours per- 
taining to the ebbing tide. The results are 
stated to have been conclusive, the decay 
annually observable formerly in some por- 
tion of the timber having ceased complete- 
ly in the many years that have elapsed 
during the application of the new principle. 
The system was then applied to an olive- 
grove, the yield of which had ceased to 
cover the annual costs of culture, by re- 
moving every dried pertion of the trees ex- 
clusively during ebb-tide. The result is 
stated to have been the complete trans- 
formation of the grove, a great develop- 
ment of foliage, and abundant crops. 

Equally admirable results ensued from 
the similar treatment of orange, lime, and 
other fruit-trees, which were thenceforth 
unaffected by larvee or other plagues whieh 
smote adjoining orchards ; and, finally, the 
vineyard of the Lorca landlord, though 
surrounded by those of other proprietors 
which were devastated by the ofdium, a 
microscopic fungus which appeared in the 
distriet at the period when the new sys- 
tem was first essayed, has never exhibited 
the faintest trace of the presence of the 
malady. 

It is likewise asserted that experiments, 
made with equa] sets of silk-worms, respec- 
tively fed on leaves of trees treated by the 
ordinary aud by the new system, the leaves 
under the new plan being gathered exclu- 
sively at the hours correspending to the 
ebb-tide, resulted most decidedly in favor 
of the latter. 


How the Fuegians keep warm.— In 
“A Memoir of Richard Williams,” an Eng- 
lish missionary to Patagonia, occurs the 
following passage : 

“When clothing is scanty, by the same 
providential management which coats the 
whale in frozen seas with oil, the Fuegian 
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is fortified against his inclement sky by an 
abundant development of the adipose tis- 
sue; and, though his sca-otter or guanaco 
cloak is somewhat seanty, in admiring his 
handiwork, we must not forget that inside 
his skin he wears a thiek underclothing of 
non-condueting fat. ence these island- 
ers sometimes exhibit feats, the recital of 
which is cnough to make us shiver. In the 
coldest midwinter they may be seen diving 
fur sea-eges ; aud it was on a dark night, 
when the thermometer was at 25°, that 
some of them swam froin the shore, and 
from its mooring alongside cut away the 
ship’s boat of the Adelaide.” 


Drought and the Potato - Disease.—A 
writer in the Gardeners’ Chronicle observes 
that every outbreak of the potato-disease, 
since 1845, has been preeeded by a long 
term of dry, warm weather, followed by 
heavy rain late in July, or during August, 
ITence he eoncludes that this disease must 
be caused by the carbonic, sulphuric, nitric, 
and other acid matters, which are constant- 
ly accumulating in the atmosphere during 
dry weather, until they unite with showers 
of rain, by means of which they are de- 
posited upon plants and soil, As the leaves 
of plants are their Jungs, and the potato is 
a tender plant, the poisonous atmospheric 
acids of summer droughts, thrown down by 
heavy rains, quickly act upon the holms. 
The surest remedy appears to be, to dig the 
potatoes, and store them before the sum- 
mer rain commences, provided they are 
nearly ripe—that is, when the stalks begin 
to wither, or when the skin of the tuber 
eannot be rubbed off with the thumb. 


NOTES. 


Durixe the Khivan expedition, the Rus- 
sian army was fed chiefly on biscuits com- 
posed one-third of rye-flour, one-third of 
beef reduced to powder, and one-third of 
powdered sauerkraut. The men are said to 
have had a great relish for this food, and 
their good health during the expedition is 
attributed, in great part, to the use of it. 


In his address before the Congress of 
Orientalists, Max Mier claimed that, dur- 
ing the last 100 years, Oriental studies had 
contributed more than any other branch of 
scientifie researeh to purify the intellectual 
atmosphere of Europe. 
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An exhibition of very considerable in- 
terest is to be held in Paris in September 
and October. Ht will consist of all the use. 
ful insects and their produeticns, and of the 
noxious inseets, and specimens of the injury 
they do. Each species is to be shown, when 
possible, in its several stages of egg, larva, 
ehrysalis, and perfect insect. The exhibi- 
tion will be under the auspices of the Cen- 
tra] Society of Agriculture and Entomology, 


Pror, Jerrreys Wymay, of Harvard Uni- 
versity, died at Bethlehem, N. H., Septem- 
ber 4th, aged sixty years. The deceased was, 
for twenty-seven years, Hersey Professor of 
Anatomy at Harvard, and of Comparative 
Anatomy in the Lawrence Scientific School, 
His published works consist of numerous 
articles on anatomy and physiology contrib- 
uied to seientifie periodicals and learned so- 
cieties, 


Tne Austrian Polar Expedition, which, 
for some time, has caused such anxious ap- 
prehensions, has at last been heard from. 
The expedition was shipwrecked, and spent 
two winters upon the ice. The highest lati- 
tude reached was 83°. Hall's highest lati- 
tude was 82° 16’. A Jarge tract of land 
was discovered northward of Nova Zembla. 
Only one death oecurred during the whole 
time from the sailing of the expedition, in 
1872, to their arrival at the Norwegian 
island of Wardoe in September of the pres- 
ent year, 


TissaNDIER finds the quantity of solid 


| matter contained in a cubie metre of Paris 


air to vary between 6 and 23 milligrames, 
Where this matter eonsists of déhris of 
wood, coal, or the like, the corpuscles reaeh 
‘sometimes a length of |!5 millimetre; where 
of mineral matters, silica, ete., the diameter 
varies from siz to yolsa of a millimetre. 
Analysis of the dust shows: organie mat- 
ters, from 25 to 84 per eent.; minera) mat- 
ters, from 75 to 66 per cent. Iron was 
found in notable quantity. 


M. Grewavt, of the Paris Biological So- 
ciety, has, for some time, employed a method 
of producing anesthesia by means of chlo- 
roform, which gives very satisfactory results, 
and produces eomplete anesthesia, for any 
required length of time, without danger to 
life. To this end, he administers to the 
person or animal to be anesthetized a 
quantity of vaporous chloroform accurately 
determined. He fastens to the muzzle of a 
dog, weighing say 20 pounds, a rubber bag 
holding 100 quarts of air mixed with 20 
grammes (abont 300 grains) of chloroform 
in the state of vapor. ‘The animal breathes 
this cerfincid! atmosphere, and anwsthesia is 
produced in the course of from five to ten 
minutes, It may be protracted for over 
two hours. With this amount of chloro- 
form the anesthesia is complete, and, in pro- 
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portion as a fraction of the vapor is elimi- 
nated from the lungs, an equal quantity is 
absorbed by the same organ. 


Sinicrous and ealeareous rocks are mere 
eommonly broken up by chemical than by me- 
ehanieal action, but the contrary is the case 
with felspathic and slate rocks. For sub- 
aqueous structures silicious stones are gen- 
erally preferable to those of a calcareous 
nature. 


AN electro-magnetic copying -machine 
has been devised by Hencker, of Munich, 
which transmits by telegraph, and that, too, 
without the assistance of an operator, writ- 
ing, portraits, plans, maps, ete, An impres- 
sion of the object to be copied is taken with 
a prepared ink on a sort of silver paper, 
which is then rolled ona revolving eylinder, 
and the message, whether in writing or in 
the form of a drawing, is at once forwarded 
to its destination, a perfect fae-simile of the 
writing or drawing being produced at the 
other end of the wire, 


Tur Paris Acclimatization Socicty has re- 
quested and obtained of Mr, Seth Green per- 
mission to publish a French translation of 
his work on trout-culture. 


At Mariupal, Russia, a teacher was re- 
eently denouneed to the entire parish, by 
the village pope, as unfit to teach children, 
owing to his “ habit of taking walks on the 
steppe, and collecting useless grasses, dis- 
gusting insects, and every conceivable abom- 
ination, and making these things objects of 
public instruction.” This wicked teacher 
was also censured for his disuse of the rod, 
and his aversion to the good old Russian 
practice of pulling out bunches of hair from 
the heads of refractory children ! 


Tue salaries of male and female teachers 
in the schools of San Francisco have been 
equalized. 


Aw exhibition was recently made in Scot- 
land of a process of clearing forests by 
steam. A traction engine of 12 horse- 
power is stationed some distance from the 
wood, anda wire chain is fastened to the 
tree, Steam is then put on, and the tree is 
pulled forcibly out by the roots. In the 
course of five hours, upward of 300 trees, in 
a plantation nearly 100 years old, were pulled 
out. It is hoped that the method may prove 
applicable in the clearing of new tracts of 
forest-land. 


From a synopsis communicated to the 
Philadelphia Academy of Sciences by Prof. 
Cope, of his work in connection with Ilay- 
den’s survey in 1878, it appears that the 
whole number of species of vertebrata ob- 
tained was 150, 95 being new to science. 
The species from the Miocene numbered 75, 
of which 57 were new, 
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A Frexcu patent has been granted for 
the preparation of leather from tripe, intes- 
tines, and other animal membranes; these 
are worked in milk-of-lime while still fresh, 
then washed and immersed in water, and 
finally in a paste made of starch and white- 
of-egg. The substance thus formed is to be 
used. for clove-making, ete.; the material 
may also be tanned or curried. 


Ivy 1865 there were in France 4,833 school 
libraries containing 180,554 yohumes ; in 
1869 the number of libraries was 14,395, 
and of volumes 1,239,165. At the present 
time there are (the Seine Department not 
included) 15,623 school libraries, and 1,474,- 
637 volumes. Notwithstanding the events 
of the last few years, the state, provinces, 
communes, and private individuals, have 
liberally contributed fonds for maintaining 
this important work. 


Tue problem of pure-water supply for 
London has probably been solved by Mr. 
J. Lucas, of the Geological Survey. Exam- 
ining the green sands and chalk of Surrey, he 
finds over 1,000 feet of porous strata resting 
on absolutely impervious clay, Ie contends 
that a tunnel driven along the strike of the 
beds, or water-level, must arrest all the wa- 
ter that is fowing down as far as the gallery 
is carried. 

Tue question whether snakes eat toads 
is answered affirmatively by a writer in 
Hardwicke, sho speaks from direct observa. 
tion. Having discovered a garter-snake in 
a strawberry “hed, he struck the creature a 
sharp blow with a stick, and out flew a me- 
dium-sized toad, Before the blow, only the 
hind-feet of the toad were visible, protrud- 
ing from the snake’s mouth, 


Ix removing grease-spots from clothing 
with benzole or “turpentine, the usual way 
is to wet the cloth with the detergent and 
then torub it with a sponge or the like. 
This only spreads the grease, and does not 
remove it. The proper method is given by 
the Svientific American: Place soft blot. 
ting-paper beneath and on top of the grease- 
spot, after the latter has been thoroughly 
saturated with the benzole; then press well, 
The fat is thus dissolved and absorbed by 
the paper, and entirely removed trom the 
clothing. 


Tux British Meteorological Society has 
organized a system of observations of natu- 
ral phenomena connected with the return 
of the seasons, as affecting the development 
of animal and plant life. It is expected 
that in this way much valuable information 
will be gained with regard to the influence 
of climate on plants, inseets, birds, and other 
animals, The Royal Agricultural, Horti- 
cultural, Botanical, and other societies of 
Great Britain, have promised their coép- 


eration in the scheme, 
L 
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A sinGuLar feature of the last illness 
of Guizot was, that for three weeks previ- 
ous to his death his memory was totally at 
fault during the greater part of the day; 
but from noon till 5 Pp. M. it was quite per- 
feet, expecially if the conversation tumed 
upon his favorite study—the history of 
France. Again at five he would fall into a 
kind of somnolence, which lasted till noon 
of the following day. 


Tus new Reclam-Siemens eremation-far- 
naee has been tested at Berlin with satis- 
factory results. Two hundred weight of 
animal earcass was consumed in about 90 
minutes, and reduecd to white ashes at the 
cost of less than one dollar. EKighty-two 
German cities possess eremation socicties. 


From researches made by Phipson, it 
appears that thallium is mueh more widely 
distributed than has been supposed —as 
widely, indeed, as lead, he thinks. He has 
met with it especially in metallie eadmium, 
aad the cupriterous pyrites of Spain and 
Norway, and in many of the other minerals 
and industrial products derived from them. 


Tne molar tooth of a mastodon was re- 
cently exhumed near Waterloo, Ind. It 
weighs six pounds, is cight inches long, and 
has four prongs and four double crowns. 


Tue French Minister of War, General 
de Cissey, has very positively prohibited 
the officers of the army from communicat- 
ing to any scientifie body, or publishing in 
any scientific journal, any “memoirs of a 
selentifie character having reference to any 
branch of the military service... . Such 
publications,” he says, “are absolutely con- 
trary to the ‘principles of (military) Azer 
archy!” The Revue Scientifique naturally 
takes umbrage at this general order, and 
says that it cannot fail to do injury to the 
army, by placing it beyond the reach of 
fair criticism. 


Tae American Museum of Natural Tis- 
tory in Central Park, as we learn [rom the 
Tribune, has lately received the Wolfe me- 
morial gift, which consists of a collection 
of shells gathered by Dr. J. C. Jay, together 
with his library of works on conchology. 
The collection embraces over 10,000 spe- 
cies, and probably 50,000 specimens. The 
library is supposed to contain every book 
treating of shells published before 1861, 
and most of those issued since then. It 
also contains full sets of the transactions 
of all the prominent scientific societies. 


Tue Austro-Hungarian Government has 
decided to send out another expedition next 
year to ascertain whether “Franz-Josef 
Land” is part of the continent or an island, 
The expedition will be divided into two par- 
ties, one going by way of Siberia, the other 
by way of Greenland, 
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Tur use of aniline red for coloring hair- 
oils ts condemued by the Leboratory, and 
an instance is cited in proof of the injuri- 
ous effeets resulting from the employment 
of oils so colored. A man in Boston, who 
had for some time frequented a barber's 
shop in which aniline-colored oi] was used 
in hair-dressing, began to experience a dis- 
agreeable itehing of the scalp, very similar 
to that produced by arsenic. On inquiry, 
the trouble was traced to the hair-oil, 
whieh contained arsenic present in the ani- 
line color; and, by discontinuing its use, 
the eruption soon disappeared, 


Mr. Ricnarp A, Procror says of our 
Sienal-Office forecasts of the weather, that 
they are “singularly accurate, the percent- 
age of error being little more than ten or 
twelve, and constantly diminishing.” Dur- 
ing the last three months of his stay in the 
United States, the weather announcements 
of the Signal-Oltice failed of strict fulfill- 
ment only twice; and even then the error 
consisted only in the announcement of a 
change in the weather a few hours before 
it actually oceurred. 


Axovr two-thirds of the estimated eost 
of the Liebig Monument, at Munich, has 
heen subseribed—the far greater part of 
the money coning, of course, from Ger- 
many. “England,” says the Lance, “nu- 
merous and deep as are her obligations to 
the father of agricultural chemistry, stands 
very low on the subscription-list, being, in 
fact, outstripped by Italy, which comes 
next, as a subseriber, to Germany itself.” 


A sanpstoxr anvil has heen discovered 
near Ironton, Ohio, supposed to have been 
used by the mound-builders. It is eom- 
posed of very sharp grit, contains over 100 
depresstons, weighs about 500 pounds, and 
measures 8 fect 8 inches at its greatest cir- 
cumference. This relie of an extinet race 
is to he presented to the Cincinnati Society 
of Natural Tistory. 


Ir may interest the consumers of Rhen- 
ish wines to learn that at Kehl there is a 
large establishment for the manufactare of 
wine without grapes. In the Rheingau 
and the Palatinate there are hundreds of 
similar establishments, according to the 
London Zines correspondent. The Excise 
Bureau of the German Empire recognizes 
this product as grape-wine. 


Tne English literary journals are dis- 
cussing the question of forming one English 
word to represent what the French calla 
savent, “Man of science” is the only ex- 
pression at present in approved usage that 
exactly corresponds to the French word. 
Scientist is “an Ameriean barbaric trisyl- 
lable.” A writer in the deademy gives us 
our choice between “sciencist ” and “sci- 
ent.” 


PROFESSOR J. LAWRENCE SMITH. 
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THE PACES OF THE HORSE.’ 


N the November Monrury we gave a brief account of Prof. Marey’s 
method of representing the step of animals by means of graphic il- 
lustrations, with its application to human locomotion; we will now con- 
sider it as applied to the more complex paces of the horse. Hitherto, 
the locomotion of the horse has been mainly studied by means of the 
eye and ear. In the horse, even at a walk, the motions of the limbs 
are so confusing as to make it difficult for the untrained eye to follow 
them, and, when the pace is more rapid, the movements seem hopc- 
lessly intricate. Indeed, observation by the eye alone long since gave 
place to the use of the ear, which, taking account of the rhythm of the 
steps by the sounds they produce, afforded much more accurate results. 
An expedient which greatly aided the observer, and which we shall 
find of service in explaining the results obtained by the graphic method, 
was to concentrate the attention on a single pair of limbs, instead of at- 
tempting to keep all four under observation at once. Any two limbs 
thus selected are called a biped, and this is designated according to the 
relative position of the limbs chosen. The horse may thus be parceled 
out into six different bipeds. The forward limbs constitute the anterior 
biped ; the hind-limbs, the posterior biped ; the two right limbs, the 
vight lateral biped ; the two left limbs, the left lateral biped, the right 
fore-leg and the left hind-leg, the right diagonal biped ; the left fore- 
leg and the right hind-leg, the left diagonal biped. The horsey reader 
may dwell a moment upon this bit of equine technics, as it will mate- 
rially assist him in understanding the explanation of the various paces. 
The quadruped, when walking, has been compared to two men, 
placed one before the other, the hindmost following close upon the 
forward step of his companion. According as these persons (who 
ought both to take the same number of steps) move their limbs simul- 
taneously, or alternately, according as the man in front executes his 


1 Abstract of Chapters IV., V., and VL, of “ Animal Mechanism,” by Prof. Marey. 
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movements more quickly or more slowly than the one behind, we 
see reproduced all the rhythms of the movements which characterize 
the different paces of the horse, Many have seen in the circus the 
figures of animals whose legs are formed by those of two men, with 
their bodies concealed in what represents the body of the qnadruped. 
This grotesque imitation bears a striking resemblance to the animal 
when the movements of the two men are so well coérdinated as to 
reproduce the rhythms of the paces. 

Assuming the horse to be composed of two bipeds walking one be- 


: ALLTEL 
1 i 
Fie, 1.—NorTation or 4 Horse’s AMBLE. 


hind the other, let these, in progressing steadily, go through the same 
movements at the same time; that is, let the right leg of each be ad- 
vanced at the same time and rate, the feet striking the ground so as 
to give but a single sound. While the body is resting on these, the 
left legs are simultaneously thrown forward, each striking the ground 
at the same moment, and so on alternately. The pace thus produced 
is known as the amble, and is the simplest of all the paces of the horse. 
The notation of its rhythms is given in Fig. 1. The upper line is 
derived from the movements of the anterior, or foremost biped; the 


Fic. 2.—ExrEriIMENTAL APPARATUS TO SHOW THE PRESSURE OF THE HorsE’s Hoor ON THE 
GrounD. 


lower, from the movements of the posterior or hindmost biped. The 
foot-falls of the right and left foot being produced at the same time 
by the biped walking in front, and by the one which follows, must be 
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represented by similar signs placed exactly over each other. In the 
horse, this agreement between the movements of the fore and hind 
limbs belongs to the amble, and the notation is the same as would 
be given by that pace. In the amble, the ear perceives only two 
beats at each pace, the two limbs on the same side striking the 
ground at the same instant. In the notation, these two sounds are 
marked by yertieal lines joining the two synchronous impacts. In 
the amble, the pressure of the body on the gronnd is said to be lat- 
eral, as the two limbs on one side only are in contact with the ground 
at the same time. 

The rhythms of both the walk and the trot have been similarly 
ascertained and expressed, but beyond this the unaided senses have 
failed to give us much trustworthy information. It has been reserved 
for M. Marey to snrmount the difticulties of the investigation ; and we 
will now give, though necessarily in an imperfect way, some account 
of his methods and results. 

For the shoe employed in the experiments on man, M. Marey sub- 
stitutes, in the case of the horse, af 
ball of India-rubber filled with horse- WAS 
hair, and attached to the shoe on the \ 
under-side of the hoof. The contriv- 
ance is shown in Fig. 2. A strong 
band of India-rnbber passes over the 
apparatus and keeps in its place the 
ball filled with horse-hair, allowing it 
to rise slightly above the lower surface 
of the shoe. When the foot strikes 
the ground, the ball is compressed, 
which drives a part of the confined 
air into the registering instruments. 
As the foot is raised the ball recov- 
ers its form, and again fills with air, 
to be expelled at the next impact of 
the foot on the ground. Another form 
of apparatus, serving substantially the 
same purpose, and better adapted to 
ordinary roads, is seen in Fig. 3. This 
consists of a kind of leather bracelet 
fastened by straps to the lee of the 
horse just above the fetlock-joint. In 
front of this bracelet, which furnishes 
a solid point of resistance, is firmly : 
fixed a flat box of India-rubber; this P27 APQ\RAtUS 70 Gtr? tion BISNSTE 
box communicates by a transmission- — Mo8®'s Toor. 
tube with the registering apparatus. Every pressure exerted on the 
box moves the corresponding registering-lever. A plate of copper, 
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inclined about 45°, is connected at its upper extremity with a kind 
of hinge, while its lower end is fastened by a heavy wire to the upper 
face of the India-rubber box, on which it presses by means of a flat 
disk. Ona wire parallel to the slip of copper slides a ball of lead, 
the position of which can be varied so as to increase or diminish the 
pressure which this jointed apparatus exerts on the India-rubber box. 
This apparatus is called into action by the movements of the limb; 
the inclination of the oscillating portions allows them to act on the 
membrane constituting the wall of the box during the movement of 
elevation, of descent, and of horizontal progress of the foot. 

The general arrangement of the apparatus, as it is applied to the 
horse, is seen in Fig. 4, Thick transmitting-tubes, not easily crushed, 
connect the experimental shoes, or instruments, on the legs, with the 


Fig. 4.—Tis FigURE REPRESENTS A TROTTING-HORSE, FURNISHED WITH THE DIFFERENT Ex- 
PERIMENTAL INSTRUMENTS; the horseman carrying the register of the pace.—On the withers 
and the croup are instruments to show the reactious, 

registering apparatus in the hand of the rider. The registrar now 
carries a great number of levers; he must have four, at least, one for 
each of the legs, and usually two others, which receive their move- 
ments of reaction from the withers and the croup. The hand which 
holds the reins also carries a ball of India-rubber, which is connected 
by a tube with the registering instrument, and by means of which the 
tracings may be made to commence at any desired moment. 

The tracings furnished by this apparatus, when the horse is at a 
full trot, and the notation of the rhythm of that pace, as derived from 
these tracings, are shown in Fig. 5. Above are the reactions taken 
from the withers for the fore-part of the animal, indicated by the line 
FR A (anterior reactions), and from the croup for the hinder part, in- 
dicated by the line 2 P (posterior reactions). Below are given the 
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curves of pressure of the four feet, drawn at two different levels: the 
uppermost are the eurves of the anterior limbs; those below, of the 
posterior limbs. In each series the eurves of the left foot are drawn 
with dotted lines, those of the right with full lines. 


; P, reactions of 
ions of bind-limbs. 


-limbs ; R 


, curves and notat: 


OTATION OF THE Horse's Trovr.—# A, reactions of the fore 


the hind-limbs ; A Gand A JD, curves and notations of fore-limbs; PD and P G 


Fig. 5.—Grapnic Curves anp N 


The moment when the curve begins its rise represents the com- 
mencement of the pressure of the foot on the ground; the point at 
which the curve begins to deseend represents the moment when the 
rise of the foot commences, It is seen from these tracings that the 
feet AG and PJD, left fore-foot and right hind-foot, strike the ground 
at the same time. The simultaneous lowering of the curves of the 
two feet shows that they also rise from the ground simultaneously, 
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Under these curves is placed the notation which represents the press- 
ure of the left diagonal biped. The second impact is given by the 
feet AD and PGE (right diagonal biped), and so on through the whole 
length of the tracing. hus the free trot is a pace in which all the 
four feet give but two strokes, and in which the ground is struck in 
turn by the two diagonal bipeds; it is alsoa Aigh pace, the animal 
being raised for a brief interval between two successive strokes above 
the ground, The duration of this suspension, according to Fig. 5, is 
equal to half the time the feet are pressiug on the ground. But the 
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Fig. 6.—NoTaTION oF THE IRREGULAR TROT. 


trot varies greatly in different horses in this partienlar, there being 
oftentimes a very slight period of suspension, although a perfect syn- 
chronism of the diagonal strokes of the feet is observed. 

By comparing the lines illustrating the reactions with the tracings 
afforded by the movements of the limbs, it will be seen that the mo- 
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fia. 7—Horse TROTTING wiTtH A Low Kinp or PacE,—The instant corresponding with the 
attitude represented in this figure is marked with a white dot on the notation. 


ment when the body of the animal is at the lowest part of its vertical 
oscillation coincides precisely with that at which its feet touch the 
ground. The time of suspension does not depend on the fact that the 
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body of the horse is projected into the air, but upon the fact that all four 
legs are bent during this short period. The maximum height of the 
suspension of the body corresponds, on the contrary, with the end of 
the pressure of the limbs on the ground. It is also seen that the reac- 
tious of the fore-limbs exceed those of the hind ones. This inequality 
appears to be constant, and is still more marked in the walking-pace. 

We have learned that one of the chief characteristics of the free 
trot is the entire synchronism of the strokes of each diagonal biped. 
There is a form of this pace, however, called by M. Marey the érregu- 
lar trot, where such synchronism is wanting, the hind limb of one or 
both diagonal bipeds striking the ground an instant later than the 
corresponding fore-limb. Fig. 6 represents the notation of the ir 
regular trot. The stroke of the left fore-foot is seen to be a little 
earlier than that of the right hind-foot, and the same is true of the 
limbs belonging to the right diagonal biped. 

The low and short trot is represented in Fig. 7. The diagonal 
impacts succeed each other without interval, as may be seen in the 
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Fie. 8.—Horse at Foun Trot.—The dot placed in the notation corresponds with the attitude 
represented. 


notation placed below the figure. The animal has been depicted from 
the notation. The instant which the artist has chosen is that marked 
in the notation by a white dot. At this moment, as the superposition 
indicates, the left fore-foot is at the end of its pressure; the right 
fore-foot is about to reach the ground; the right hind-foot is finishing 
its pressure, and the left hind-foot is about to fall. 
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The elevated and lengthened trot is represented in Fig. 8. The 
animal is depicted at the instant which in the notation is represented 
by a dot; that is to say, during the time of the suspension, at the 
moment when the left diagonal biped has just risen, and the right 
diagonal biped is about to descend. 

Tracings afforded by the walking-pace are shown in Fig. 9. If 
we let falla perpendicular from the 
points at which the curves com- 
mence, we shall have the positions 
of the successive impacts of the 
four legs. The order of succession 
of impacts is represented by the 
letters AD, PG, AG, PD, that 
is to say, right fore-foot, left hind- 
foot, left fore-foot, right hind-foot. 
The notation of the rhythm of the 
pressure of each foot, as derived 
from the registered curves, shows 
that the interval which separates 
the impactsis the same throughout, 
and consequently that the horse 
rests during the same time on the 
lateral as on the diagonal bipeds. 
This, however, is not always the 
case, some horses resting longer on 
the lateral biped than on the diag- 
onal, and vice versa. The change 
of position of the centre of gravity 
may be seen by reference to Fig, 
9. From 1 to 2 the horse will rest 
on the right lateral biped; from 2 
to 3 on the right diagonal biped 
(that is to say, on that in which the 
right foot comes first) ; from 3 to 4 
on the left lateral biped; from 4 to 
5 on the left diagonal biped; again, 
from 5 to 6 the horse would find 
hinself, as at the beginning, on the 
right lateral biped. 

Observations on draught-horses 
have shown that, when the animal 
strives to react against a load, he may have three feet on the ground 
at once. This is held by some to be the rule in the normal walking- 
pace, but M. Marey has proved to the contrary. The vertical oscilla- 
tions of the walk are chiefly at the withers, those of the croup being 
very slight. The actions of the hinder parts scem to consist chiefly 
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Fie. 9.—Tracines AND NOTATIONS OF THE WALKING-PACE, WITH Equal PRESSURES OF THE FEET, BOTH DIAGONALLY 
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AND LATERALLY. 
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in a forward propulsion, with a scarcely perceptible impulsion of the 
body in an upward direction. This agrees with the theory quite gen- 
erally admitted, that the fore-legs have little to do in the normal pace, 
except to support alternately the fore-part of the body, while to the 
hind-limbs belong the propulsive action and the tractive force exerted 
by the animal, Fig. 12 is a representation of the horse at a walking- 
pace. The instant is marked in the notation by a dot. 


Fig. 10.—REPRESENTATION OF THE Horse at A WALKING-PacE, 


The gallop comprises all those paces in which irregular impacts of 
the feet upon the ground recur at regular intervals. Most writers dis- 
tinguish three kinds of gallop by the rhythm of the impacts, and name 
them, according to this rhythm, gallop in éwo, three, and four time. 
The most common kind is the gallop in three-time, from which the 
tracings in Fig. 11 have been obtained. At the commencement of the 
figure the animal is suspended above the ground; then comes the im- 
pact P G, which announces that the left hind-foot touches the ground. 
This is the foot diagonally opposed to that which the horse places for- 
ward in the gallop, and whose impact A J will be the last produced. 
Between these two impacts and in the middle of the interval which 
separates them, comes the simultaneous impact of the two feet form- 
ing the left diagonal biped. The superposition of the notations A G, 
P D, clearly shows this synchronism. In this series of movements 
the ear has therefore distinguished three sounds at nearly equal inter- 
vals. The first sound is produced by a hinder-foot, the second by a 
diagonal biped, the third by a fore-foot. Between the single impact 
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of a fore-foot, which constitutes the third sound, and the first beat of 
the pace which follows, there is a period of silence whose duration is 
exactly eqnal to that of the three impacts taken together; then the 
series of movements recommences. 


The curves of the reactions of the feet have a considerable extent, which shows the force of the pressures on 
The horse used for this experiment gaNoped with the right foot, as seen in the notation 


Fig. 11.—TRacinas anp Notation oF THE GALLOP IN THREE-TIME.—F, curve of reactions taken at the withers. 
the ground. 


By an inspection of the curves, we see that the pressure of the feet 
on the ground must be more energetic in the gallop than in the paces 
already described, the height of the curves being greater than for 
either the trot or the walk. The greatest energy seems to belong to 
the first impact. At this moment, the body, raised for an instant 
from the ground, falls again, and one leg alone sustains the shock. 
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The notation, Fig. 12, enables us to follow (in A) the succession of 
impacts; and shows (in #4) the succession of the limbs which cause 
these pressures on the ground. The reactions of this pace, produced 
at the withers, are seen in Fig. 11 (2?). There is an undulatory eleva- 
tion, which lasts all the time that the animal touches the ground ; in 


Fra. 12.—GanLop in Turer-Tur.—A, indication of three-time; B, indication of the number of 
feet which form the support of the body at each instant of the gallop in three-time. 


this elevation are recognized the effects of the three impacts, which 
give it a triple undulation. The minimum elevation of the curve cor- 
responds, as in the trot, with the moment when the feet do not touch 
the ground, Therefore, it is not a projection of the body into the air, 


Fig. 13.—Horse GALLOPING IN THE First Time (RieHT Foot ADVANCING), THE HinD Lert Foot 
ONLY ON THE GROUND.—The white dot, in the notation, corresponds with the instant at 
which the horse is represented. 


which constitutes the time of suspension of the gallop. By comparing 
the reactions of this pace with those of the trot (Fig. 5), we see that 
in the gallop the rise and fall of the body are effected in a less sudden 
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manner. These reactions are, therefore, less jarring to the rider, 
though they may, in fact, present a greater amplitude. 

The attitude of the horse at the moment of the first beat of the 
gallop in three-time is given in Fig. 13. The left hind-foot, on which 
the horse has just descended, alone rests on the ground. 


Fic. 15.—Horsk GALLOPING IN THE TurrpD TIME (RIGHT FooT FORWARD). 


Fig. 14 is the position of the horse at the time of the second beat, 
or at the moment when the left diagonal biped has finished its impact ; 
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the right fore-foot is about to reach the ground, the left hind-toot has 
just risen. 

‘At the third or last beat of the pace, the position of the animal is 
that given in Fig. 15. The moment chosen is that in which the right 
foot alone rests on the ground, and is about to rise in its turn. 

The gallop in four-time differs from that which has just been de- 
scribed only in this particular, that the impacts of the diagonal biped, 
which constitute the second beat of that gallop, are in this ease dis- 
united and give distinct sounds. This is shown in Fig. 16. Accord- 


Fig. 16. -NoTaTIoN OF THE GALLOP IN FouR-TIME.—A, determination of each of the successive 
times; B, determination of the uumber of feet which support the body at each instant. 


ing to this notation, the body, at first suspended, is borne successively 
on one foot, on three, on two, on three, and on one, after which a new 
suspension commences. 

The full gallop, which is a very rapid pace, is in four-time. The 
impacts of the hinder-limbs, however, follow each other at such short 
intervals, that the ear can only distinguish one of them; but those of 
the fore-legs are notably more separated, and can be heard distinctly 
as two sounds. The notation of the full gallop (Fig. 17) confirms 
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Fie, 17 Notation oF FULL GALLOP; REACTIONS OF THIS PACE. 


this. Another character of the full gallop is, that the longest period 
of silence takes place during the pressure of the hinder-limbs. The 
time of suspension appears to be extremely short. The reactions in 
the full gallop reproduce with great exactness the rhythm of the im- 
pacts. Thus it is observed that, at the moment of the almost syn- 
chronons impacts of the two hinder limbs, there is a sharp and pro- 
longed reaction, after which two less sudden reactions take place, each 
of which corresponds with the impact of one of the fore-feet. The 
irregular line in Fig. 17 is the tracing of the reactions at the withers. 

Many other points relating to the locomotion of the horse, such as 
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the characters of the footprints belonging to each pace ; the transition 
from one pace to another; the modification of the movements incident 
to pulling a load, ete., we are unable to notice here, and would therefore 
refer the interested reader to M. Marey’s work, where he will tind the 


subject fully elucidated. 


ODORS AND LIFE. 
BY FERNAND PAPILLON. 


TRANSLATED FROM THE MONITEUR SCIENTIFIQUE, BY A. R. MACDONOUGH, 


ESCARTES, Leibnitz, and all the great minds of the seventeenth 
century, believed that phenomena are such interdependent parts 
of one whole, that they require to be explained by each other, and 
consequently, that a very close mutual connection should be main- 
tained among the sciences, In their view, this was the condition of 
rapid advance and intelligent development. The experimental method, 
constant to systematic obstinacy in erecting so many barriers between 
the different sections of natural philosophy, has greatly hindered the 
completeness of whatever knowledge we possess as the result of mu- 
tual interaction among all truths. At this day, such barriers are 
tending to vanish of their own accord, and the science of man in his 
relations with external media begins to show the outlines of its plan 
and harmony. We have before this sketched several of its chapters, 
and we will endeavor now to write another, on the subject of odors. 


I, 


The seat of smell, or the olfactory sense, is the pituitary membrane 
lining the inner wall of the nostrils. It is a mucous surface, laid in 
irregular wrinkles, and receiving the spreading, slender, terminal fila- 
ments of a certain number of nerves. This membrane, like all other 
mucous ones, constantly secretes a fluid designed to lubricate it. By 
the aid of the muscles covering the lower part of the nostrils, the 
apparatus of smelling can be dilated or contracted, precisely like that 
of sight. This understood, the mechanism of olfaction is quite simple. 
It consists in the contact of odorous particles with the olfactory nerve. 
These particles are conveyed by the air to the inside of the nasal cav- 
ities, and there strike upon the sensitive fibres. If the access of air 
is prevented, or if the nerve is altered, no sensation is produced. Ex- 
periments in physiology, in fact, have settled that the olfactory nerves 
(or those of the first pair) are assigued exclusively to the perception 
of odors. Loss of the sense of smell oceurs whenever the nerves are 
destroyed or injured by any process, or even whenever they are merely 
compressed. On the other hand, it is a matter of common observation 
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that impeding the passage of air into the nostrils is quite as effectual 
a way of making any sort of olfactory sensation impossible. Let us 
add, that the region most sensitive to odors is that of the upper part 
of the nasal cavities. There are, as we shall notice in proceeding, 
considerable differences as regards the degree of sensitiveness in this 
sense of smell, comparing one man with another. But it is a still 
more singular fact that sometimes, without apparent cause, the sense 
is utterly wanting. In other cases it is unaffected by the action of 
certain odors only, an analogous infirmity to that which students of 
the eye eall daltonism, and which consists in the perception of certain 
colors only. We find in scientific annals the case of a priest who was 
insensible to all odors except that of a manure-heap, or that of de- 
cayed cabbage ; and another, of a person to whom vanilla was entirely 
without scent. Blumenbach speaks too of an Englishman, with all 
his senses very acute, who perceived no perfume in mignonette. 

Olfaction is sometimes voluntary, sometimes involuntary. In the 
former case, by an aet which is called scenting something, and is re- 
sorted to for the sake of a keener sensation, we first close the mouth, 
and then sometimes draw in a full breath, sometimes a succession of 
short, quick inspirations, Then the muscular apparatus edging the 
opening of the nostrils comes into play, to contract that orifice, and 
point it downward, so as to increase the intensity of the current of 
inhaled air. When, on the contrary, we wish to smell as little as pos- 
sible, the organ becomes passive. We effect strong expirations by the 
nose to drive out the air that produces scent, and inhalation, instead 
of being performed by the nostrils, instinctively takes place through 
the mouth. 

Scents and the sense of smell have an important share in the phe- 
nomena of gustation, that is, there is a close connection between the 
perception of odors and that of tastes. Physiological analysis has 
clearly brought out the fact that most of the tastes we perceive proceed 
from the combination of olfactory sensations with a small number of 
gustatory sensations. In reality, there are but four primitive and 
radical tastes—sweet, sour, salt, and bitter. A very simple experi- 
ment will convince us of this fact. If we keep the nostrils closed 
when tasting a certain number of sapid substances, so as to neutralize 
the sense of smell, the taste perceived is invariably reduced to one 
of the four simple savors we have just named. Then, whenever the 
pituitary membrane is out of order, the taste of food is no longer the 
same; the tongue distinguishes nothing but sweet, sour, salt, or bitter. 

It is time now to begin the study of the physiological and chemical 
conditions of smell, and for this we must first inquire how odorous 
substances behave with regard to the medium which separates them 
from our organs, Préyost, in an essay published in 1799 on the means 
of making emanations from odorous bodies perceptible to sight, was 
the first to bring to view the fact that certain odorous substances, 
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solid or fluid, placed on moistened glass, or in a saucerful of water, 
instantly aet on those molecules of the liquid whieh they toueh, and 
repel them more or less, producing avaeuum. He judged that this 
method might serve to make odors sensible to sight, and enable us to 
distinguish odorous trom inodorous bodies, These movements of 
odorous bodies on the surfaces of liquids, of which eamphor particu- 
larly gives so curious an instance, have lately been studied with the 
greatest care by a French physiologist, with a view to establishing 
a theory of odors. With this purpose Liégeois has examined most 
of the odoriferous substanees, and has ascertained that almost all of 
them perform varions motions of circulation and displacement on the 
surface of water, resembling those noted with camphor. Some act 
precisely as camphor does. Among these are benzoic aeid, succinic 
acid, the rind of bitter oranges, ete. With others, motion soon stops, 
for they are quickly surrounded by an oily film. which keeps them 
confined. Some must be reduced to powder before the phenomenon 
takes place. As regards odorous liquids, it oceurred to Liégeois 
to saturate very light and spongy seeds, themselves odorless, with 
them, and he then found, on throwing the seeds on water, that circu- 
latory and displacing movements took place, as with other substances. 
He econeluded, from a series of experiments methodically tried, that 
the motions in question must be attributed, not to a release of gas, 
acting in the manner of a recoil, but simply to the separation and 
rapid diffusion, within the water, of the odorous particles. The vola- 
tility of substances cannot be admitted to have any part in explaining 
the phenomenon. It depends wholly on the affinity of fiuids for 
the odorous particles, and also for those of fatty matter. Liégeois 
found, for instance, that a drop of oil put on the surfaee of water, 
without sensibly lessening in size, emits an enormous quantity of 
microscopic droplets, which are diffused through the mass of the water. 
Aromatie essences produce a like effect. Though insoluble in water, 
they have a powerful tendency to disperse themselves throughout it, 
and water that receives a very small quantity of the odoriferous 
principle, in the shape of extremely fine powder, has enough to gain 
their perfume completely. Li¢geois’s experiments give proof of the 
most diligent labors and of praiseworthy sagacity. Seienee has ae- 
cepted them with satisfaction, and, after employing them usefully, 
will preserve the memory of their author, taken away in the flower of 
his age, at the outset of a noble career as a physiologist and surgeon. 

It seemed, to quote his words, as though in these experiments we 
were assisting at the formation of the odorous molecules. Those 
delicate atoms emitted from odorous substanees and diffused through 
the atmosphere are, in fact, the very same that impinge on onr pitui- 
tary membrane, and give us the sensation of odors. Moreover, facts 
long ago observed display this revealing action, so to call it, of water 
upon odors. At morning, when the verdure is moist and the flowers 
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covered with sparkling pearls of dew, a fresher and balmier fragrance 
exhales from every plant. It is the same after a light shower. Vege- 
tation gains heightened tints, at the same time that it diffuses more 
fragrant waves of perfume. We remark an effect of the same kind in 
the physiological phenomenon of taste. The saliva serves as an ex- 
zellent vehicle for diffusing the odorous principles; then the move- 
ments of the tongue, spreading that fluid over the whole extent of the 
cavity of the mouth, and thus enlarging the evaporating surface, are 
clearly of a kind to aid the dispersion of the odorous principles, which, 
as we have seen, take a considerable part in the perception of tastes. 

Now, in the phenomenon of smell, air acts in the place of water. 
Tt seizes the odorous particles and brings them into contact with the 
pituitary membrane. It is the vehicle, the solvent, of those extremely 
subtile atoms which, acting on the delicate fibres of the nerve, produce 
in it a special movement, which translates itself into the most varied 
sensations, Oxygen, and the existence in that gas of a certain pro- 
portion of odorous molecules, are the two essential conditions of this 
phenomenon. 

Such is, at least, the result of earlier experiments, aud of those 
performed of late years by Nicklés. A curious fact, well worthy of 
attention, is the remarkable diffusibility and degree of subdivision 
exhibited by some odorous substanees, Ambergris just thrown up on 
the shore spreads a fragrance to a great distance, which guides the 
seekers after that precious substance. Springs of petroleum-vil are 
scented at avery considerable distance, Bartholin affirms that the 
odor of rosemary at sea renders the shores of Spain distinguishable 
long before they are in sight. So, too, every one knows that a single 
grain of musk perfumes a room for a whole year, without sensibly 
losing weight. Haller relates that he has kept papers for forty years 
perfumed by a grain of amber, and that they still retained the fra- 
grance at the end of that time. He remarks that every inch of their 
surface had been impregnated by sgppygraor Of one grain of amber, 
and that they had perfumed for 11,600 days a film of air at least a foot 
in thickness. Evidently the material quantity of the odorous prin- 
ciple contained in a given volume of such air is so minute as to elude 
imagination. We can readily conceive how philosophers cite such in- 
stances to give a notion of the divisibility of matter. 

In fact, we are now considering matter emitted by odorous bodies, 
This shows that they do not act as centres of agitation, oceasioning 
vibrations which pass in waves to onr organs, to exert on them a 
purely dynamic influence. This giving off of odorous matter, with 
the necessary aid of oxygen in the atmosphere, proves, too, that odors 
are in no respect comparable to light or heat, which one may regard 
in an abstract way, in the immaterial and ethereal space which is the 
region of their motion, as proper forees, and acting from a distance. 
Odors, to be perceived, must be taken up by oxygen, and borne by it 
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to the organ of smell. In a word, odor is the odoriferons particle 
itself, while light is not the light-giving body. 

Does oxygen exert a chemical influence on those atoms of which it 
robs odorous substances ? We do not know, neither do we know of 
what kind is the action which occurs on the contact of odor with the 
olfactory nerve, whether the phenomenon is a mere mechanical agita- 
tion, or whether some chemical decomposition takes place in the ease. 
At uny rate, it is allowable to reason from the observed facts that 
smell and taste are two senses peculiarly distinct from the others, as 
well with respect to the object of sensation as to the ideas which the 
mind derives from the sensation itself. Sight, touch, and hearing, in 
a manner physical senses, furnish us the ideas of external forms, har- 
monies, and motions. They introduce us to the conception of the 
beautiful, and are true fellow-laborers with the intellect. Taste and 
smell are rather chemic senses, as Nicklés calls them. They come 
into action only upon contact, and awake in us only such sensations 
as life and mind gain no profit from, While the former are the spring 
of the highest functions, the latter are of use only for the performance 
of acts of nutrition. 

The learned and capable author’ of a hook on odors, published 
within a few years, fancies, however, that he can establish a kind of 
esthetics of odors, more or less resembling that of tones. IIe has in- 
vestigated olfactory harmonies, hoping to find in them the elements 
of a sort of music. “ Odors,” he says, “seem to affect the olfactory 
nerves in certain definite degrees, as sounds act on the anditory 
nerves. There is, so to speak, an octave of smells, as there is an 
octave of tones; some perfumes accord, like the notes of an instru- 
ment. Thus almond, vanilla, heliotrope, and clematis, harmonize per- 
fectly, each of them producing almost the same impression in a differ- 
ent degree. On the other hand, we have citron, lemon, orange peel, 
and verbena, forming a similariy associated octave of odors, in a 
higher key. The analogy is completed by those odors which we call 
half-scents, such as the rose, with rose-veraninm for its semitone ; 
‘petit-grain’ and neroli, followed by orange-flower. With the aid 
of flowers already known, by mixing them in fixed proportions, we 
can obtain the perfume of almost all flowers.” In accordance with 
these fancies, Piesse has formed gamuts of odors, parallel with 
musical gamuts, and exhibiting concords of scents at the same time 
with those that produce discords. As a painter blends his tints, the 
perfumer should blend his fragrances; and Piesse maintains he can 
only gain that object by following the laws of harmony and contrast 
in odors, ‘This theory is certainly qnite ingenious, and deserves 
attention, but it is open to serious objections. H the harmony of 
colors and of sounds exists, it is because optics and acoustics are exact 
sciences, and harmony in this case is reduced to numerical relations, 
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determined in a positive way. These relations, as concerns odors, 
ean have no other basis than a capricious aud relative sensibility. 
They are thus incapable of being reduced to form, « fortior? of being 
translated into fixed precepts. 

To complete these details, it remains to say something of the de- 
lusions of the sense of smell; for this sense, like the others, has its 
aberrations and hallucinations. The delusions of smell are hardly 
ever isolated; they accompany those of hearing, sight, taste, and 
touch, and are also less frequent than the latter. Insane people, who 
are affected by them, complain of being haunted by fetid emanations, 
or congratulate themselves on inhaling the most delicious perfumes, 
Lelut mentions the ease of a woman, an inmate of la Salpétri¢re, who 
fancied that she constantly pereeived a frightful stench proceeding 
from the deeay of bodies she imagined buried in the courts of that in- 
stitution. Impressions of the kind are usually very annoying. Brierre 
de Boismont relates the account of a woman affected by disorder of all 
her senses. Whenever she saw a well-dressed lady passing, she smelt 
the odor of musk, which was intolerable to her. Ifit were a man, she 
was distressingly affected by the smell of tobacco, though she was 
quite aware that those scents existed only in her imagination. Capel- 
lini mentions that a woman, who declared that she could not bear the 
smell of a rose, was quite ill when one of her friends came in wearing 
one, though the unlucky flower was only artificial. 

Such facts might be multiplied; but, as they are all alike, it is not 
worth while to mention more of them. The latest observations made 
in insane asylums, among others, those of M. Prévost, at la Salpétri¢re, 
have shown also that these delusions and perversions of the sense of 
smell are more common than had hitherto been supposed among such 
invalids, and that if they usually pass unnoticed, it arises from the 
fact that nothing spontaneously denotes their existence. 

The intensity und delicacy of the sense of smell vary in mankind 
among different individuals, and particularly among different races of 
men. While some persons are almost devoid of the sense of smell, 
others, whose history is related in the annals of scicnee, have dis- 
played a refinement and range in the distinetion of odors truly won- 
derful. Woodward, for instanee, mentions a woman who foretold 
storms several hours before their coming, by the help of the sulphur- 
ons odor, due probably to ozone, whieh she pereeived in the atimos- 
phere. The scientific journals of the day relate the account of a young 
American girl, a deafmute, who, by their odor alone, recognized the 
plants of the fields which she collected. Numerous instances, more- 
over, prove that in savage races this sense is very greatly more ¢e- 
veloped than amoung civilized men, It is a traveler’s story, that some 
tribes of Iudians can pursue their enemies and animals of the chase by 
mere scent. 

But it is among the other mammals that we find the sense of 
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sinell displayed in its highest degree of power and perfection. Among 
ruminants, some pachyderms, and particularly among earnivorous 
mammals, the vlfactory membrane attains the keenest sensitiveness, 
Button has described these animals with extreme exactness, in say- 
ing that they smell farther than they see, and that they possess in 
‘their scent an eye which sees objects uot only where they are, but 
even wherever they have been, The peculiarity of scent in the dog 
is too well known to need more than an allusion, 

Ifwe can hardly give faith to those ancient historians who relate 
that vultures were attracted from Asia to the fields of Pharsalia by 
the smell of the corpses heaped together there after a famous battle, 
yet we must accept the assertions of naturalists so well qualified to 
observe as, for instance, Alexander von Humboldt. The latter relates 
that in Peru, and other countries of South America, when it is intended 
to tuke condors, a horse or cow is killed, and that in a short time the 
smell of the dead animal attracts a great number of these birds, though 
none had before that heen seen in the country. Other more extraordi- 
nary facts are told by travelers, These must usually be received only 
with the greatest caution, because in most cases the sense of smell 
gains credit for what is due to the sense of sight, which, with these 
birds, is very keen and far-reaching. Yet, making allowance for ex- 
aggeration, it must be admitted that these animals have a very highly- 
developed sense of smell, Searpa, who has made admirable researches 
on this subject, found that they refuse food which is saturated with 
odorous substances, and, as an odd instanee, that a duek would not 
swallow perfumed bread till after it had washed it in a pond. The 
waders, which have the largest olfactory nerves, are also those birds 
that display the greatest keenness of scent. Reptiles have very large 
olfactory lobes, leading us to believe that they discern odors readily, 
but at present we know little of the impressions they are sensitive to 
in this respeet. Fish also have an olfactory membrane. Fishermen 
have always remarked that they may be attracted or driven off by 
throwing certain odorous substances into the water. Sharks, and 
other voracious fish, collect in crowds and follow from very far about 
a body thrown into the sea. It is even said that, when blacks and 
whites are bathing together in lauitudes where these fish abound, they 
particularly single ont and pursue the more strongly odorous blacks, 
Nor are the ecrustacea indifferent to emanations which act on the 
olfactory nerve, The method used for attracting and taking erabs 
is familiar. 

Regarding the lower animals we have only still more uncertain 
information, except as to insects. Entomologists maintain that scent 
is very delicate in most insects, and rely on plausible conjectures on 
this subject, but they do not as yet know what the seat of the sense 
ot smell in inseets is, When meat is exposed to the air, ina few mo- 
meuts flies make their appearance in a place where none had before 
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been seen. If refuse matter or bodies of animals are left on the 
ground, insects flock to them at onee, feeding on snch substances, and 
depositing their eggs in them. Seent alone seems to guide them, 
exclusively of sight even, for, if the object of their desire is hidden, 
they easily manage to fiud it, Acnrious fact as to the seent of inseets 
is furnished by those kinds that prefer deeaying substances, A 
beautifnl arum is fonnd in our woods, the enckoo-pintle, whose white 
flower diffuses a disgusting odor. Now, the inside of this flower is 
often filled with flies, snails, and plant-liee, seeking the putrid souree 
of this fetid smell, We may sce the little creatures, in quest of their 
food or of a fit place to lay their eggs, move about in all directions, 


Do" 
and qnit most unwillingly the flower whose scent has misled them. 


I. 


Waving thus learned what physiologists think of the sense of smell 
and the conditions of the perception ot odors, let us see what natural- 
ists and chemists have ascertained respeeting the latter as viewed in 
themselves, what place they give to odorous bodies, and what char- 
aeter they attribute to them all. The three kingdoms possess odors. 
Among mineral substances, few solids, but quite a number of liquids 
and gases, are endowed with more or less powerful scents, in most 
eases not very pleasant ones, and usually characteristic. Those odors 
belong to simple substances, such as chlorine, bromine, and iodine ; to 
acids, as hydrochloric and hydrocyanie aeid ; to carburets of hydrogen, 
as those of petroleum; to alkaline substances, ammonia, for instance, 
ete, The odors observable among minerals may almost all be re- 
ferred either to hydrocarbonic or hydrosulphuric gases, or to various 
solid and liquid aeids produeed by the decomposition of fats, or to 
peculiar principles secreted by glands, such as musk, ambergris, civet, 
and the like. Vegetables present qnite another variety of odors, 
from the faintest to the rankest, from the most delicious to the most 
disgusting. Absolutely scentless plants are yery rare, and many, that 
seem to be so while they are fresh, gain, on drying, a very decided per- 
fume. 

The odor of plants is due to principles very unequally distributed 
throughout their different organs; some solid, as resins and balsams, 
others which are Hqunid, and known by the name of essences or essen- 
tial oils. In most eases the essence is eoneentrated in the flower, as 
ocenrs with the rose and the violet. In other plants, as in bent-grass 
and Florence iris, only the root is fragrant. In eedar and sandal 
wood, it is the wood that is so; in mint and patehonli, the leaves; in 
the Tonqnin bean, the seed ; in cinnamon, the bark, which is the seat 
of the odorous principle. Some plants have several quite distinct fra- 
grances, Thus the orange has three: that of the leaves and fruit, 
which gives the essence known by the name of “ petit-grain;” that of 
the flowers, which furnishes neroli; and again the rind of the fruit, 
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from which essence of Portugal is extracted. A great number of 
vegctable odors belong exclusively to tropical plants, but the flora of 
Europe furnishes a large proportion of them, and almost all the es- 
sences used in perfumery are of European origin, England cultivates 
lavender and peppermint largely, At Nimes, gardeners are partienJarly 
attentive to rosemary, thyme, petit-grain, and lavender, Nice has the 
violet for its speciality. Cannes extracts all the essences of the rose, 
the tuberose, cassia (the yellow acacia), jasmine, and neroli, Sicily 
produces lemon and orange; Italy, bergamot and the iris, 

What, now, is the chemical nature of the odorous principles 
in plants? The chemistry of to-day reduces almost all of them to 
three categories of well-asccrtained substances: hydrocarburets, alde- 
hydes, and ethers. We will endeavor to give a clear account of the 
constitution of these three kinds of substances, and to mark their 
place in the register of science. The hydrocarburets are simple com- 
Dinations of carbon and hydrogen, as, for instance, the petroleum-oils. 
They represent the simple compounds of organic chemistry. As to 
aldehydes and ethers, their composition is rather more complex ; be- 
sides carbon and hydrogen, they contain oxygen. Every one knows 
what chemists mean by an alcohol; it is a definite combination of 
hydrogen, carbon, and oxygen, neither acid nor alkaline, which may 
be regarded as the result of the union of a hydrocarburet with the 
elements of water. Common alcohol, or spirits of wine, is the type of 
the most important series of alcohols, that of the mono-atomic alcohols. 
Chemists represent it by the formula C*ID°O, to indicate that a mole- 
cule of it arises from the union of two atoms of carbon with six atoms 
of hydrogen and one of oxygen. Independently of the alcohols, which 
are of great number and varying complexity, organic chemistry recog- 
nizes another class of bodies, of which vinegar is the type, and which 
receive the name of organic acids, to mark their resemblance to min- 
eral acids, such as oil of vitriol or aqua-fortis. Now, every alcohol, on 
losing a certain amount of hydrogen, gives rise to a new body, which 
is called an aldehyde; and every alcohol, on combining with an acid, 
produces what is called an ether. These rapid details allow us to un- 
derstand precisely the chemical character of the essences or essential 
oils which plants elaborate within their delicate tissue. Except a small 
number among them which contam sulphur, as the essences of the 
family of crucifers, they all present the same qualitative composition— 
carbon and hydrogen, with or without oxygen, Between one and another 
of them merely the proportion of these three composing elements 
varies, by regular gradations, but so as always to correspond either 
to a hydrocarburet, or to an aldehyde, or to an ether, In this case, 
as in almost the whole of organic chemistry, every thing is in the 
quantity of the composing elements. The quality is of so little im- 
portance to Nature, that, while following always the same laws, and 
constantly nsing the same materials, she can, by merely changing the 
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ponderable relations of the latter, produce, by myriads of varions 
combinations, myriads of substances which have no resemblance to 
each other. The strange powers of the clements and the mysterious 
forces concealed in matter make themselves known to us ina still 
more remarkable phenomenon, to which the name of ésomery is given, 
Two bodies, thoroughly unlike as regards their properties, may present 
absolutely the same chemical composition with respect to quality and 
quantity of elements. “ But in what do they differ ?” it may be asked. 
They differ in the arrangement of their molecules, Coal and the 
diamond are identical in substance. Common phosphorus and amor- 
phous phosphorus are one and the same in substance. Now, the odor- 
ous principles of plants offer some exceedingly curious cases of isomery. 
Thus the essence of turpentine, the essence of lemon, that of bergamot, 
of neroli, of juniper, of savin, of lavender, of cubebs, of pepper, and of 
gillyflower, are isomeric bodies, that is, they all have the same chem- 
ical composition. Subjected to analysis, all these products yield 
identical substances in identieal proportions, that is, for each molecule 
of essence, ten atoms of carbon, and sixteen atoms of oxygen, as de- 
noted by their common formula, CO". We sce how these facts 
as to isomery prove that the qualities of bodies depend far more on 
the arrangement and the inner movements of their minnte particles, 
never to be reached by our search, than on the nature of their matter 
itself; and they show, too, how far we still are from having penetrated 
to the first conditions of the action and forces of substances. Among 
odoriferous essences placed by chemists in the class of aldehydes 
may be named those of mint, ruc, bitter almonds, anise, cnammin, fen- 
nel, cinnamon, ete, The rest are ranged in the great series of ethers, 
which vary greatly in complexity, notwithstanding the simple uni- 
formity of their primary elements. 

Such is the chemical nature of most of the odorous principles of 
vegetable origin. But chemistry bas not stopped short with ascer- 
taining the inmost composition of these substances; it has sneceeded 
in reproducing quite a number of them artificially, and the compounds 
thus manufactured, wholly from elements, in laboratories, are abso- 
lutely identical with the products extraeted from plants, The specu- 
lations of theory ou the arrangements of atoms, sometimes condemned 
as useless, do not merely aid in giving us a clearer comprehension of 
natural laws, which is something of itself, but they do more, as real 
instanees prove; they often give ns the key to brilliant and valuable 
inventions. An Italian chemist, who was then employed in Paris, 
Piria, in 1838, was the first who imitated by art a natural aromatic 
principle. By means of reactions suggested by theory, he prepared a 
salicilic aldehyde, which turned out to be the essence of meadow-sweet, 
so delicate and subtile in its odor. A few years later, in 1848, 
Cahours discovered methylsalicilic ether, and showed that it is identi- 
cal with the essence of wintergreen. A year after, Wertheim com- 
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posed essence of mustard, while believing himself to be making only 
allylsulphocyanic ether. These discoveries produced a sensation, 
Nowadays the chemist possesses the means of creating many other 
natural essences. Common eamphor, essence of bitter-almonds, that 
of cummin and of cinnamon, which are aldehydes, as we have seen, 
may be prepared without eamphor-leaves or almonds, without cummin 
orcinnamon, Besides these ethers and aldehydes whose identity with 
essences of vegetable origin has been proved, there exist, among the 
new bodies known to organic chemistry, a certain number of products 
formed by the union of common alcohol or amylic alcohol with differ- 
ent acids, that is to say, of ethers, which have aromatic odors more 
or less resembling those of some fruits, but as to which it cannot yet 
be affirmed that the odors are due to the same principles in both cases, 
Tlowever this may be, perfumers and confectioners, more industrious 
and wide-awake than chemists, have immediately made good use of 
these properties, Artificial aromatic oils made their first appearance 
at the World’s Fair of London in 1851, There was there exhibited a 
pear-oil, diffusing a pleasant smell like that of a jargonel, and em- 
ployed to give an aroma to bonbons. This product is nothing else 
than a solution of amylacetic ether in alcohol. Apple-oil was exhibit- 
ed beside the pear-oil, having the fragrance of the best rennets, and 
produced by dissolving amylvaleric ether in alcohol, The commonest 
essence was that of pineapple, which is nothing else than ordinary 
butyric ether. There was observed, too, an essence of cognac, or 
grape-oil, used to impart to poor brandies the highly-prized aroma of 
cognac, The product which vas then, and still is, the most impor- 
tant article of manufacture, is the essence of “ mirbane,” which very 
closely resembles in its odor that of bitter almonds, and which eom- 
merce very oiten substitutes for the latter, Essence of mirbane is 
nothing else than nitrobenzine, which results from the action of nitric 
acid on benzine. Benzine, in turn, is met with among the products 
of distillation of tar, which also yield the substanees used in prepar- 
ing those beautiful colors called aniline. Besides the essences we 
have just mentioned, whieh are gaining an increasing importanee in 
the manufacturing arts, artificial essences of quinces are also prepared, 
and essenees of strawberries, of rum, ete, All these preparations 
serve, If must be admitted, to give an aroma to the cordials, confec- 
tioneries, and sweetmeats, which are so largely sold nowadays, In 
other words, the products of industry are constantly taking the place 
of those of Nature more and more. In all these cases, these instances 
of composition of odorous principles are among the finest triumphs of 
organic chemistry. The creative power of the chemist is ever widen- 
ing its range. After the labors of Piria, Wertheim, and Cahours, 
came those of Berthelot, who has imitated the fatty matters of the 
animal cconomy., Weare at this moment in progress toward the ar- 
tificial manufacture of sugar. If we succeed in that, uothing more 
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will remain but to effect the composition of albuminous substances, in 
order to give us the complete mastery of the processes which Nature 
follows in her elaboration of immediate principles. That gift of mak- 
ing its object a reality, whieh is the peculiar privilege of chemistry, 
is also one of the strongest arguments to bring in proot of the abso- 
luteness of those laws which we ascertain respecting the system of 
forces external to us, 

Linneus, whose mind was remarkably analytical and classifying, 
has not only arranged vegetables and animals in order, bat has also 
classified diseases, and even odors. He refers the latter to seven 
classes: aromatic odors, such as that of lanrel-leaves; fragrant, like 
those of lilies and jasmine; ambrosial, such as amber, musk, ete. ; gar- 
licky, like that of garlic; fetid odors, like those of the goat, the or- 
rage, and others; disgusting odors, as those of many plunts of the 
solanev order; and, last of all, nauseous odors. The terms of Linneus 
have generally become current in language, but we understand, of 
course, that their value is merely conventional. As we have said be- 
fore, there is no standard for the comparison of odors. We can only 
describe them by making comparisons between them, according to the 
degrees of resemblance existing between the impressions with which 
they affect our olfactory membrane. They have no qualities capable 
of being rigorously defined. This is the reason why it is impossible 
to give them any natural classification. 


TI. 


The sensations produced by smells are perceived and judged of in 
a great variety of ways, though with less of difference than prevails as 
to tastes. “TI have seen a man,” says Montaigne, “ fly from the smell 
of apples quicker than from a cannonade.” The instance he alludes 
to in this passage is that of Quercet, Francis I’s secretary, who rose 
from table and took flight whenever he saw apples upon it. History 
tells us that Louis XIV, could not bear perfumes. Grétry was greatly 
annoyed by the odor of roses; that of a hare caused Mdlle. Contat to 
faint. Odors which disgust us, like that of asafetida and of the 
valerian-root, are on the contrary highly enjoyed by the Orientals, 
who use these substances for condiments, Among other singular 
instances related by Cloquet on this subject, we will mention that 
of a young girl who took the greatest delight in inhaling the scent of 
old books, and that of a lawyer to whom the exhalations of a dunghill 
yielded the most agreeable sensations. So that it is out of our power 
to fix general rales with respect to the influence of odors on our or- 
gans, and the character of the sensations which they effect in us; 
still, from a purely physiological point of view, it is certain that some 
of them exercise a uniform influence. Chardin and other travelers 
mention that, when musk-hunters take from the animal the pouch 
containing musk, they must have the nose and mouth covered by a 
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cloth doubled in several folds, if they would escape violent ham- 
orrhage. 

The smell of the lily, the nareissus, the tuberose, the violet, the rose, 
the elder, ete., when it reaches a certain point of concentration, usually 
exerts an injurious influenee ou the system. It occasions more or less 
severe headaches, fainting-fits, and sometimes even more serious dis- 
orders. Some odors, which have an agreeable perfume in a state of 
considerable diffusion, gain when concentrated a noxious and sometimes 
dangerous smell. This is particularly true of civet, patchouli, and the 
essences of neroli and thyme. Scientific records mention several cases 
of death oceasioned by the poisonous action of some odorous emana- 
tions. It has been remarked that plants of the family of labiates, 
such as sage, rosemary, cte., offer in this respect no sort of risk, and 
seem rather to enjoy wholesome properties. Yet it is of consequence 
at this point to distinguish between the action of the odor which 
is in a manner purely dynamic, the intoxication from the essence, 
and the effect of carbonic acid thrown off by plants. These three 
influences have often been confounded by authors who have recorded 
aecidents oceurring after the inhalation, more or less prolonged, of 
odoriferous air. 

This variable action of odors on the nervous system, sometimes 
wholesome, sometimes noxious, explains the part they have always 
played in the various cireumstances of life among mankind. It would 
need a volume to relate the religious, political, economic, and gallant 
history of odors and perfumes. We must be content here with notic- 
ing its chief lessons, as far as they are connected with the physiologi- 
cal theory which is the basis of this study. For there is unquestion- 
ably something instinetive at the bottom of these general and uniform 
customs which exhibit the affinity of man for odors. Doubtless we 
must recognize in this rather a refinement of sensuality than a natural 
craving; but the same result bas oceurred in this case as in the in- 
stance of beverages, of music, etc. Habit has become in some sort 
a second nature; the senses have acquired a taste for that especial 
intoxication which beguiles them and disguises painful realities for 
them. 

It is in religion, in the first place, that we observe the use of per- 
fumes. Nothing holy or lofty was conceived of in which their influ- 
enee was not present. Perfumes won the gods to give ear to the vows 
addressed to them in temples where burning incense diffused its fra- 
grant clonds, From the highest antiquity we find that the priests of 
diiterent religions avail themselves of the use of odoriferous substances. 
Five times a day the disciples of Zoroaster laid perfumes upon the 
altar where the sacred flame glowed. Moses, in Exodus, recorded the 
composition of two perfumes used in the sacred rites, The Greeks 
assigned a leading place to odors in their ingenions fictions of theol- 
ogy. They believed that the gods always declare their presence by an 
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ambrosial fragrance, as Virgil tells us, in speaking of Venus ;' and 
Moschus, deseribing Jupiter transformed to a bull. The use of per- 
funes in religious ceremonies had for its purpose the excitement of a 
sort of intoxication in the priests and priestesses, and also to disguise 
the smell of blood and of decaying matters, the offal of the sacrifices. 
The Christian religion borrowed from paganism the use of perfumes 
in the rites of worship. There was even a period at which the Chureh 
of Rome owned estates in the East devoted exclusively to plantations 
of trees yielding balsamic resins. 

Besides these uses, odors were, in old times, still oftener employed 
in private life. Nothing surprises us more, in reading the ancient au- 
thors, than their relations on this subject. Among the Jews, the use 
of perfumes was restrained within proper limits, by the regulations of 
the Mosaic law, which consecrated them to worship. But, with the 
Greeks, it reached an extraordinary height and refinement. They 
kept their robes in perfumed chests. They burned aromatic sub- 
stances during their banquets; they scented their wines; they cov- 
ered their heads with fragrant essenees at their festivals. At Athens, 
the perfumers had shops which were places for public resort. Apol- 
lonius, a scholar of Theophilus, left a treatise on perfumes which proves 
that, even as regards the extraction of essences, the Greeks had attained 
astonishing perfection. Neither Solon’s laws nor Socrates’s rebukes 
could check the progress of that passion. The Romans inherited it 
from Greece, and enlarged the stock of Eastern perfumes by those of 
Italy and Gaul. They used them profusely to give fragrance to their 
baths, their rooms, their beds, and their drinks. They poured them 
on the heads of guests, The awning shielding the amphitheatre was 
saturated with scented water, which dripped, like a fragrant rain, on 
the spectators’ heads. The very Roman eagles were anointed with 
the richest perfumes before battle. At the funeral of his wife Pop- 
pea, Nero burned on the pyre more incense than Arabia yielded in 
a whole year, It is related, too, that Plancius Planens, proscribed by 
the triumvirs, was betrayed by the perfumes he had used, and thus 
discovered to the soldiers sent to pursue him, Besides the odors ex- 
tracted from mint, marjoram, and the violet, which were the most 
common, the ancients made much use of the roses of Paestum, and 
various aromatic substances, such as spikenard, megalium, cinnamon, 
opobalsamum, ete, 

It is singular to notice that the use of perfumes, brought to Rome 
with Grecian manners, was in its turn conveyed to France and North- 
ern Europe with Latin manners, and chietly by the Romish religion. 
It is from religious rites, indeed, that it passed into ceremonies of 
state, and thence into private life. Among the presents sent by 


1“ Then, as the goddess turned, a rosy glow 
Flushed all her neck, and from her head the locks 
Ambrosial breathed celestial fragrance round.” 
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Jlaroun-el-Raschid to Charlemagne were many perfumes. In the 
middle ages, among princes and men of highest rank, they washed 
their hands with rose-water, before and after eating ; some even had 
fountains from which aromatic waters flowed. At this period, too, it 
was the custom to carry the dead to their burial-place with uncovered 
face, and to place little pots full of perfumes in the coffins. The French 
monarchy always showed an unrestrained passion for enjoyments of 
this nature, which seemed created as a neeessary attendant upon all 
others. Marshal Richelien had so extravagantly indulged his passion 
for perfumes under every form, that he had lost the perception of 
them, and lived habitually in an atmosphere so loaded with scents 
that it made his visitors ill. Madame Tallien, coming from a bath of 
juice of strawberries and raspberries, used to be gently rnbbed with 
sponges saturated with perfumed milk. Napoleon I. every morning 
poured can-de-Cologne, with his own hands, over his head and shoul- 
ders. 
Iv. 

Above all these questions whieh we have just skimmed, there rises 
another, of a graver and more mysterious kind, one which occurs at 
the end of all studies that treat of sensation, and with regard to which 
some reflections will not be out of place here. To what, outside of us, 
do those sensations which we experience within us correspond? What 
relation is there between the real world and that image of the world 
shadowed in our soul? In the special ease we are concerned with, 
what is it in these substances which is the canse why they affect our 
sense of smell? It seems certain, in the first place, that odor in itself, 
so far as it is odor, is a mere figment of our mind. Contemporaneons 
physiology proves that excitement of the nerves of sensation is fol- 
lowed, in each one, by the sensation that corresponds with each. 
When we eleetrify the eye, we call up in it an appearance of ght ; 
when we electrify the tongue, we produce in it a sensation of taste; 
when we electrify the inside of the ear, we provoke in it the effeet of 
a sound. So, too, a similar exeitement, electric or otherwise, of the 
olfactory nerves, ereates in our mind the sensation of smell, even 
though no odorons molecule takes part in the phenomenon. Sensa- 
tion, therefore, seems to depend chiefly on the nature of the sensitive 
nerve. The external world scems to contribnte to it only by setting 
in motion the nerve-fibres, Even this condition of an impulse imping- 
ing from without is not indispensable, since, in sleep and in madness, 
we experience sensations of smell which, by the testimony of our other 
senses, answer to no external agent. Still, we believe that we can 
distinguish eases of hallucination from cases of true perception ; still, 
we maintain that there are, outside of ourselves, distinct causes of our 
distinct sensations, No skepticism has prevailed, nor will prevail, 
agaiust this testimony of the most powerful evidence which exists in 
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our inmost being. Ilow can we account for this apparent contradic- 
tion? In reality, there is no contradiction, Observe, indeed, that, 
even if the most indifferent causes can effect in us one and the same 
sensation, and thus delude us as to the outer world, onr soul is never 
cheated. It knows perfectly well how to refer this one sensation to 
the dissimilar objective causes which have affected it ; in other words, 
the causes which are alike, and are confused in one in the purely phys- 
iological act of sensation, divide and grow distinct in the psychologi- 
cal act by which the soul recognizes them, and conceives them as dif 
ferent. If we had, to give us knowledge, only the dull and ignorant 
passivity of our senses, there would be no reality for us; but the wise 
activity of the soul can not merely assert the reality of outward ob- 
jects, for a reason similar to that which makes it assert its own exist- 
ence—it can still further argue, from its various modes of affection, 
to a corresponding variety of external forces. It moves in harmony 
with the world, rather than in harmony with the senses, In presence 
of the latter, it is ltke a good prinee, who would be nothing without 
his subjects, but who regulates and civilizes them, by giving them 
laws, and ruling their morals. Thus, and this is the conclusion at 
which we aim, it is in the soul, regarded as the foens of all those rays 
refracted through the senses, as the central light ontshining all others, 
that we must set the power and the right to discern what the senses 
do not discern, and to pieree to a depth forever beyond their reach. 
We shall never know what relation there is between the outward 
world and those images of it which we perceive, but the soul can 
hold the unshaken belief that the various points of those images cor- 
respond to points in the onter world situated in a like order, and that 
the forces which affect it are, in their essence, of the same nature as 
those forces of which, in its inmost depths, it feels itself the lord, 
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N the former article, attention was given chiefly to what might he 
eulled structural and industrial considerations of our bivalve. 
We are now to note some matters in the life of the oyster of a natal 
character. Its friends and enemies must be looked after. Its dic- 
teties and geographical range must be dealt with. It must also be 
viewed in certain geological and ethnological aspects; for we may 
find even the oyster holding a singular relation to the American an- 

toethonic man. 
Tue OystEer’s Brats anp GrowrH.—According te the popnlar 
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notion, which, in the main, is correct, the spawning-season of the 
oyster embraces those months which have no 7 in their spelling, name- 
ly, May, June, July, and Angust, the four warm months of the year. 
The fact is, that oysters generally do their spawning during these four 
months; but a few are liable to spawn whenever the water is warm 
enough, and large numbers pass through the year without spawning ; 
and these, were it not for the difficulty of assorting them, would be 
available for food at any time. But the prejudice is universal against 
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Fig. 1.—Grovps or EUROPEAN OysTERs, OF DIFFERENT AGES, ON A STICK OF Woop. 


their use during the less months, That they are not in as good con- 
dition then as during the cooler months, is reasonable to suppose; but 
that they are all necessarily unwholesome in the warm months, is far 
from being proved. In business phrase, oysters in spawning-time are 
said to be “milky.” This means the presence of an opaline fluid in 
considerable abundance, and which has to do with the wants of its 
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young—perhaps, remotely, a sort of fluid amnion. Our bivalve, how- 
ever, does not spawn after the manner of mollusks generally. It is 
in its own way viviparous, It does not emit eggs; but, at the proper 
time, sends forth its young alive. The eges are dislodged from the 
ovaries, and committed to the nursing care of the gill and mantel, 
At first, each egg seems to be inclosed in a capsule. It is of a yel- 
lowish color; but, as ineubation or development progresses, the color 
changes, first to a gray, then to a brown, afterward to a violet, This 
is a sign that the time of eviction is at hand; for Nature now issues 
her writ to that effect. And wonderful little beings they are when the 
writ arrives to vacate the homestead; for whole troops of them ean 
go gracefully, and without jostling, through the maziest evolutions in 
that tiniest sphere—a drop of water. As cited by F, W. Fellowes, in 
the American Naturalist, says M. Davaine: ‘Nothing is nore curious 
than to see, under the microscope, these little mollusks travel in a 
drop of water, in vast numbers, mutually avoiding one another, cross- 
ing each other’s track in every direction, with a wonderful rapidity, 
never tonebing, and never meeting.” The parent-oyster has, indeed, 
a prodigious family to turn out upon the world. But when this time 
does comme, though winter be near, her actions are summary, and the 
wee bairns are every one ordered from home, They are spit forth, 
or ejected from the shell. Filled with water, the valves are suddenly 
snapped together. Every snap emits a small, whitish cloud, Though 
a little of the milky fluid be in it, this whitish elond is composed chicfly 
of the tiny fry; for, individually, they are almost invisible, Indeed, 
who shall count the oyster’s offspring ? Science, by her own methods, 
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has made the computation ; and so she gives us the astounding assur- 
ance that a single oyster, during one spawning-season, emits two mill- 
ion embryos! Each one, though searcely larger than a pln-point, is 
a lively little affair; and such an odd little fellow, too! Tn fact, it has 
scarcely any resemblance to its parent, either in external form or in- 
ternal anatomy ; while, in habit, it differs as widely as does the flying 
bird from the burrowing mole, Let us look a moment at Fig. 2. 
These are young oysters just sent into the world. They are not so 
large, by a good deal, as an ordinary pin’s-head. Now angular the 
shell is!) And the internal organization is, as yet, very simple. And 
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what a strange, brush-like appendage! That fleshy pad is its locomo- 
tive organ; and a very fimny, but quite pretty coutrivauce it is. The 
projected pad is encircled by a frill of cilia, or fleshy hairs, arranged 
much as the frill is around the large pin-cushion which occupies a 
place before the mirror of a lady’s boudoir. As these cilia play to- 
gether, the illusion is produced of a revolving wheel; and, in fact, it 
is the uni-eyele velocipede of this baby-voyager, with which it must 
do some traveling in quest of a home, or permanent settlement for 
life. This frilled organ can be projected and withdrawn in rapid 
alternations. While being projected, the circular frill expands, thus 
achieving a very efficient propulsion. And, while being withdrawn, it 
contracts, or is tuvolved within itself, in this way presenting the least 
possible resistance to the water. This mechanism, as I understand it, 
is as remarkable as it is beantiful, It fulfills perfectly, or certainly 
to a remarkable degree, the conditions of perhaps the most perplexing 
of the unsolved practical problems in naval science—the attainment in 
union of the maximum power of propulsion and the minimum resist- 
ance from back-water. 

If we examine a snail, or conch, as typical of the univalve mol- 
lusks, or shell-fish, we shall find the organs of sense, mouth, tentacles, 
and eyes, so arranged together as to entitle the object to be known as 
a cepbalate mollusk, that is, one which has a head. The bivalves 
are not so highly organized, and are acephalate, or headless. It is a 
curious fact, however, that in the larval state many of these bivalves 
have eyes, though they lose them as growth proceeds, Although we 
think it probable, it has not yet been proved, that the larval oyster 
has eyes. To witness the merry high time of these juveniles, it would 
seem that they both have eyes and are bound to use them, too, in 
seeing something of the world; for, as if eviction entailed neither dis- 
grace nor inconvenience—as with certain bipedal juveniles under 
pupilage—off they go in the wildest glee imaginable. But the gay 
frolic is soon over, A few settle down, like the old folks, to a sober 
life. Alas! it is with the rollicking young oysters as with many 
other young people—this wild-oat sowing yields a fruitful but peril- 
ous harvest. Of each million that enter upon this dissipation, but a 
few hundreds, at the most, survive. Many have been devoured by 
hungry enemies lying in wait, and many went to sea, and, unable to 
return, perished miserably. The survivors attach themselves to any 
thing that offers an anchorage; and these are called “spat.” Fig. 1 
contains five groups of oysters of as many different ages, all of which, 
by a professional oysterman, would be called “spat,” excepting the 
three largest at the top. The attachment is made at the lower valve, 
And, now having wound up its giddy career, what was done with the 
velocipede ? In plainer words, what is to become of the locomotive 
pad, for which it has no further use? It begins to disappear—not by 
atrophy, however, nor is it sloughed off in any way. Jlerein appears 
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one of Nature’s economie processes ; for the pad is absorbed, literally 
consumed, and the baby-oyster in this way gets a start that seeures it 
a rapid growth—for it should be borne in mind that this is a critical 
period in the life of this diminutive thing. It is just now that it has 
to draw so largely on its small capital of vital resources, by directing 
the growth-foree to the one object—a sure anchorage. Thus the secre- 
tions labor on the cementation of the lower valve to some solid object. 
Then comes the general shell-growth, which is very rapid, and at the 
same time the accelerated internal development ; all which amounts 
to an entire reconstruction, 

If, now, to this triple draft, occasioned by the anchoring, the shell- 
growth, and the development of the internal organs, one should add 
the necessity of procuring food in the usual amount, and by the usnal 
means, would not the combined demand be exhaustive beyond the 
little creature’s powers and resourees? It shonld be observed, too, 
that now the tood-necessity is more urgent than at any other period 
of its existence. It is also observable that the banquet prepared is 
ampler than at any other time. This is surely a striking instance in 
lowly quarters of a wise conservation of material and foree. Iam 
aware that this pad is differently disposed of by some naturalists ; 
that it is said to drop off, and to be wasted; but, as I have witnessed 
a similar utilization of an otherwise useless member in other larval 
forms, I believe that observation will establish this view. And how 
remarkable this internal change, so rapidly progressing in the little 
oyster! It isa series of almost magic transformations. The eyes— 
if it had any—are gone. The external cilia, which served it for loco- 
motive and breathing organs, disappear, and within appear true bran- 
chiz, like those of its mother. A stomach, too, is now built up, and 
the labial fingers are provided. And that tiny, true heart appears, to 
the music of whose beating the little creature begins in carnest its life- 
work, as a perfect oyster, although hardly yet larger than the head 
of apin. Whena month old, it equals a large pea in size; at six 
months, it is an inch or more in length; at four years, it is large and 
amply ready for market, or even at three years, if the conditions of 
growth have been favorable, 

THE OystEerR’s Couprantons,—For raising the seed, that is, the 
young oysters intended to be planted, a hard bottom, with plenty of 
shells, or objects for attachment of the spat, is desirable. But such a 
loeation would not be the place for growing and fattening the adult. 
A bottom with two or three inches of organie mud, and a hard pan 
beneath, and that in an estuary, or somewhere commanding a current, 
and receiving the river-flow, is the best. In this floeculent organie 
mud is much of the food of the oyster, and this food is in lively mo- 
tion upon its surface. The algz, or sen-weeds, often anchor to the 
shell, and adorn it with fronds of olive, ard ruby, and the most ex- 
quisite emerald, while the sporules which rain from them are the true 
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manna of the oyster. The elegant red sponge, with its clustered lobes, 
almost like chalina, is sometimes found perched on the upper valve, 
like a great showy cockade. When, many years ago, before the 
Southern oyster was planted North, they used to take up the rich 
“naturals” around Bedloe’s Island, this beautiful native sponge was 
often found in great tufts as large as a peck-measure. The oystermen 
ealled it “red-beard;” and often might be seen, at the door of an 
oyster-saloon in New York, a heap of these choice oysters, surmounted 
by a grand specimen of this red sponge. Even yet, at Craney Island, 
where the Elizabeth River and Hampton Roads meet, are acres of this 
pretty sponge. This sponge often renders a singular service to some 
fine old bivalve sinking with the weight of years into the rich organic 
ooze. It actually buoys it up, and rocks it, so that the under valve 
becomes white and bright with the gentle friction. In the erevices 
made by the lapping shoots on the upper valve, like tiles on a roof, 
are often found tiny univalves, sharing in the crumbs of the banquet 
on which the occupant of the great house feasts. We have often with 
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a penknife pried them out of their hiding-cracks, although much 
smaller than a grain of rice, Often, too, if examined closely, an oyster- 
shell may be found partly coated with a delicate net-work, as if some 
fine Valenciennes lace had been cemented thereon. These are the 
skeletal cells of the Bryozoa, or animate moss; for, though like moss 
somewhat, the little builders are living creatures, and, under the mi- 
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croscope, a bit of a live bryozoan-patch would look like a bed of living 
daisies, for these flower-forins are in lively motion in every part. Some- 
times these communities of moss-like animals, such as are known un- 
der the generic name Austra, build their structures up like plants, 
and literally embower the oyster in the most exquisite of fairy groves. 
The cut Plustra foliacea, Fig. 3, represents a European species. Its 
fronds, so to speak, are flat, and spatula-formed, With its gracefully- 
spreading lobes, like fronds, it has often been mistaken for an alga, or 
sea-plant. If you will only look closely at this cut of LVustra foliacec, 
Fig. 3, it will be seen to be full of minute cells. A look at Fig. 4, 1, 
will make this plainer, while in Fig. 5, 1, by greatly magnifying, the 
form of these little chambers in one of the species isshown, The nat- 
uralist, speaking of the entire establishment of one of these communi- 
ties, calls it Ceneetum, which means the common house of all the indi- 


Fie. 4.—1. Fragment or Fiustra TruncaTa, NATURAL SizE; 2. A single polypide of Valkeria 
magnified to show its crown of tentacles; 3. A polypide of Lophapus erystullinua, a fresh- 
water polyzoon highly magnified, showing its horseshoe-shaped crown of tentacles. 


viduals collectively ; for each one of these little erypts, or chambers, is 
the exelusive apartment of one zooid, or individual member of the 
community, At the portal of this little erypt the oceupant, when 
Iinngry, presents itself, and retires at its pleasure. When it does show 
itself, with tentacles spread, some idea of its individual beanty may 
be got by looking at the magnified tufts, like floral crowns, as shown 
in Figs. 4 and 5, When an entire community, or even a considerable 
part, is out airing, could one but see it, the sight would be very fine, 
for the smallest fragment in the microscope looks like a hed of daisies, 

The oyster is often literally embowered in a substance that looks 
like diminutive trees. Its color varies from a reddish to a very pale 
brown, almost gray. The oystermen call it “gray-beard.” Shore- 
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visitors often pick up tafts on the beach, and press them for sea-weeds. 
They are really the skeleton structures of a remarkable zoophyte, the 
Sertularia. We have an elegant species that grows upon the oyster, 
named Sertuluria argentea, beeause it is often so white and glittering 
that it looks almost like silver. ‘These I have found sometimes sixteen 
inches high, making the most exquisite gossamer-tree. But it is no 
tree or plant proper. Their substance is chiefly lime. They might 
well be ealled sea-ferns. When magnified, living specimens show 
what might be mistaken for little buds, If the microscopist is both 
skillful and patient, he will see a little starry object like a flower push 
itself out of one of these buds, which is really its case in which it lives, 
It may be seen waving its little Hfe-petals about, catching food. I 
have not forgotten the delight experienced when I found out this faet 
for myself. Let the reader dwell a moment on Fig. 6. The Sertularia 
buoys up the oysters, as does the red sponge. And one may readily 
eonectve how the animaleules must swarm in these gossamer-like for- 
ests or groves, so that not only the zooids but the oyster also enjoys 
the richness of the fishing-ground. 

Everybody, that has seen any dredging in Long Island Sound, 
knows that lumps of matter made up entirely of small calcareous 
tubes abound there. These tubes are often found adhering to the 
oyster; in faet, these animals build them on the oyster’s shell. Its 
name is Sabellaria vulgaris, sonamed by Prof, Verrill, The construct- 
or and oceupant is a worm, but, for all that, a creature of surpassing 
beauty. In company with this, another little being builds a tubwar 
home on the oyster, It is a small serpula or serpent-shell, and is 
called by Verrill, Serpula dianthus, the pink serpula, because, when 
the little dweller therein projects its tiny florets, in form and color 
they suggest the pink of our gardens. But there is projected by the 
side of that pretty little pink, a curious, funnel-shaped process, that 
looks like the tiniest kind of a trumpet. We have watched those 
pretty creatures with their floral heads out fishing, Let the slightest 
jar be given, and the little thing takes alarm and instantly withdraws 
into its stony tube: first the floral head disappears, then the trumpet- 
like structure is drawn in, which actually plugs up the entranee. All 
this will be understood from lig. 7, which shows a serpula. The spir- 
orbis here figured is really a serpula, a tube coiled into a spiral, I 
have never seen the spirorbis growing on the oyster-shell, but have 
taken it from sea-weeds and Bryozoa thence obtained. 

This natural plug, or stopper, is not without a smack of drollery. 
At least it has always impressed me as having in it a taste of the in- 
tensely utilitarian, And this reminds me that, in all their beauty, there 
is also a savor of the comical in the Bryozoa. Please to look at 
that Avicwlurium in Fig. 5,3. Is it not like the head of an eyeless 
bird? To see this “bird-head process ” at work, one feels irresistibly 
that it isa real zooid, an individual among the Bryozoa, and ILuxley 
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seems disposed to favor such a view, However, I believe all the proof 
as yet 1s on the side of its being a process, an organ, so to speak, 
Now, there are a good many of these bird-heads in the community, 
and very useful things they are. Let an animalcule too large for 
prey come fooling around these little Bryozoa, and one of the bird- 
heads will give it a nip such as to make a second one unecessary, 
But these Bryozoa are in danger of being cloyed with dirt. These 
bird heads, like so many ants, pick off the annoyance. Is not all this 


Fie. 5.—ANatomy OF A Bryozoon.—1, the skeleton eclls ; 2. diagram of an individual Bryo- 
zoon; a, the region of the mouth surmounted by a crown or tuft of tentacles; 3, an avicula- 
rium, or bird’s-bead process. 


pretty? And it is quite ludicrous, too. And why should not Nature 
like a wee bit of drollery now and then ? 

If a pile of oysters be examined soon after leaving the water, es- 
pecially if taken off a pretty clean bottom, a number of specks, ahont 
a quarter of an inch in width, may be seen adhering to the oyster, 
chiefly the upper side. They look like grease-spots, or small lumps 
of jelly. They are little sea-anemones, collapsed and dead. Alive 
in the water these are pretty objects, having a disk of a flower-form, 
with an orifiee in the centre which opens into the animal’s stomaeh, 
and which is really its mouth. (See Fig. 8). Such, then, is something 
of the oyster’s environment. With such surroundings, so much of 
beauty, with a spice of Nature’s humor, just enough to make this 
beauty true and pure, on the principle that a person is known by the 
company he keeps, the oyster might be set down as an individual of 
refined tastes. 

Something should be said of the oyster’s most intimate and famil- 
iar friend, a certain dapper little fellow in a scarlet jacket with trim- 
mings of gold. From its size and form it is sometimes called the pea- 
crab ; but, from the fact that it is only found in the oyster, it is gener- 
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ally known as the oyster-crab. Fishermen have insisted to me that it 
was the young of the edible crab. No naturalist, not even a tyro, 
could make this mistake. Naturalists have named this little erab, 
Pinotheres ostreum. Usually it is the female that one finds in the 
oyster. The male is much more rarely met with, and is smaller than 
the female, and of more sombre colormg. A dull brown is the pre- 
dominant hue, though the legs are white. On the back is a figure re- 
markably like an anchor, done in white. But the history of the oyster- 
crab is unperfeetly known. For anght that we baye been able to 
learn, this pretty little crab is a harmless commensal. Whether it is 
always welcome by its entertainer we cannot say, but this is sure, 
Pinotheres has always been known as the oyster’s bosom friend. 
There is a story that General Washington was very fond of these 
oyster-erabs, and that, knowing this fact, a lady admirer, at whose 
honse in New York the general was to dine, had an understanding 
with the different oystermen of the city, and their combined efforts 
got together half a pint of these diminutive crabs, which were served 
up and set before that eminent man, greatly to his surprise and de- 
light. In the season, this little crab is readily obtained put up in half 
pint bottles. Now that they have become a staple luxury in the city 
markets, why do not our epicures call them “ Washington crabs ?” 
Tue OysTER’s ENEmxEs.—The above must be set down as the rosy 
side of oyster-life, for they are a much-persecuted race. Though a 
sober people, always leading quiet lives, yet they seem to be regarded 
on all sides as possessing no rights that others are bound to respect. 
Let us make a visit to one of these orderly communities in Oyster- 
dom known as a “planting-ground.” We are seated in a boat, and, 
gliding through the phosphorescent sheen, soon near the oyster-bed. 
It is a moonlight night, about the close of summer. Hark! what sin- 
gular sound is that? Boom! boom! boom! Almost sepulchral, and, 
strange to say, it comes up from beneath the waters. One would 
think they were Nereids’ groans. The oystermen, whose capital lies 
invested there, hear it with sad forebodings of loss, which they can- 
not well sustain. It is one of a school of visitors who come with 
marauding purpose. The fishermen call it the big drum. This dram- 
fish is known among naturalists by the name Pogontas chromis. The 
acknowledged beat of this scamp is the Gulf Stream, from Cape Cod 
to Florida; and a terrible fellow is this Pogonias, for he is recorded 
as having attained the great weight of eighty pounds. One of twen- 
ty-five pounds would be but an ordinary affair, Their mouths are 
furnished with pavements of hard teeth, a little rounding on the top, 
and set together exactly as are the cobble-stones of the old city high- 
ways. The function of these dental pavements is to crunch the young 
oysters, which after being crushed are thus swallowed, shells and all. 
As these monsters come in shoals, they sometimes inflict serions dam- 
age on an oyster-bed. Not long ago, at Keyport, New Jersey, a visit 
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of this character cost the oyster-planters some $10,000. Said “an 
eminent naturalist,” “No fish has teeth strong enough to crush oyster- 
shells.” This is certainly a mistake. I believe that oystermen re- 
gard a three-year-old oyster as comparatively safe in this respect, and 
their apprehensions appertain to the younger beds. 


Fig. 6.—SERTULARIA PINnata.—qa, & fragment, natural size ; @’, small portion magnified ; 9, 
shows the case of a male zooid; 0, Campanularia neglecta, magnified. 


At Long Branch, and in fact pretty much on the entire eastern 
seaboard, is often found the periwinkle, or great sea-suail (Lenatia 
heros). These are quite numerous. Oystermen have gravely told me 
that this animal kills the oyster. It has an operculum, or cover to the 
month of the shell, and they say that with this, as a knife, it opens the 
oyster. All this one might believe but for two difficulties: first, you 
could as easily open an oyster with the edge of a lady’s visiting-card, 
for the operculum is of soft horn, and not thicker than a card; sec- 
ondly, this Lunatia is not lunatic enongh to try the experiment, as 
it is constitutionally a strict vegetarian, living upon the juicy sea-let- 
tuce, and other alg, so that on dietetic principles it has serious ob- 
jections to the bivalve. 

There is a smal] univalve, seldom much over an inch in length, 
which is justly chargeable with murderous assault on the oyster, The 
watermen very properly call it the drill, The latest name it has re- 
ceived from the conchologists is Urosalpine cinerea, It is, however, 
more generally known among scientific men as Bucetnewm cinereum. 
It is a very pretty shell. The tongue is set with three rows of teeth 
like a file; it is, in fact, a tongue-file, or dental band, and is ealled by 
conchologists the lingual ribbon, (See Fig. 9.) This tongue-file is 
perfectly flexible, and with it the Buccinum drills a hole through the 
hard shell of the oyster. Owing to the fact that, when using this 
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dental ribbon, the broadly-spread pedal disk hides it, the exact 
method of the operation is concealed. Waving with the utmost care 
witnessed a number of times the ereature in the burglarious act, I 
give the following as my view of the ease: With its fleshy disk, called 
the foot, it secures by adhesion a firm hold on the upper part of the 
oyster’s shell, The dental ribbon is next bronght to a curve, and one 
point of this eurve on its convex side is brought to bear direetly on 
the desired spot. At this point the teeth are set perpendicularly, and 
the curve, resting at this point as on a drill, is made to rotate one cir- 
cle, or nearly so, when the rotation is reversed; and so the movements 
are alternated, until, after long and patient labor, a perforation is ac- 
complished. This alternating movement, I think, must act favorably 
on the teeth, tending to keep them sharp, To understand the precise 
movement, let the reader crook his forefinger, and, inserting the knuckle 
in the palm of the opposite hand, give to it, by the aetion of the 
wrist, the sort of rotation described. The hole thus effected by the 
drill is hardly so mueh as a line in diameter. It is very neatly coun- 
tersunk. The hole finished, the little burglar inserts its siphon or 
sucking-tnbe, and thus feeds upon the occupant of the house into 
which it has effected a forced entrance. To a mechanic’s eye there is 
something positively beautiful in the symmetry of the bore thus ef- 
feeted—it is so “true;” he could uot do it better himself, even with 
his superior tools and intelligence. 

Oystermen also complain of ravages perpetrated by the great 
conch. But there are two of these conchs, widely distinguished by 
naturalists. One of them has the upper edge of the whirls orna- 
mented with a projection, with bosses at uniform intervals: this is the 
keeled conch, and is called, by Conrad, Pidgur caricu, The other one 
has a canal or groove running round the shell, on the top of the 
whirls: this is the grooved conch, and it has lately been named, by 
Gill, Sycotypus canaliculatus. The oystermen say that these conchs 
“rasp the nib of the oysters; ” and with their large tonguce-files this 
is not hard to do, It is certainly going a great way for an analogous 
case ; but I have examined numbers of the first-created oysters, fossil 
oysters, in the New Jersey Cretaceons formation, and have found not 
a few among them which had received precisely that treatment from 
certain ancient carnivorous gasteropods, 

But the most insidions foe to the life and peace of the poor oyster 
is the star-fish. The American species, which does the mischief, is the 
green star-fish (Asterias arenicola). The species obnoxious to the Eu- 
ropean oyster is the red star-fish (-Lsterius rubens), (See Fig. 10.) The 
sea-star does not like water that is too braekish ; that is, it loves salt- 
water. Whenever the Shrewsbury River is affeeted by the breaking 
in of the sea, there is danger for its eelebrated oysters. On severa 
oecasions, at such times, the star-fishes have come up in great num- 
bers, and utterly destroyed the bivalves, At one time so great were 
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their numbers, that they were thrown up on the shore in large, loath- 
sone, squirming balls. Says Verrill, “In one instance within a few 
years, at Westport, Connecticut, they destroyed about 2,000 bushels 
of oysters, oceupying beds about twenty acres in extent, in a few 
weeks, during the absence of the proprietor.” 

It is curious to read the silly stories that are told in the name of 
Natural History. There is one that says that the star-fish puts its 
fingers or rays into the oyster’s shell, and helps itself. From every 
point of consideration the thing is ridiculously impossible. A more 
sober judgment is that given by some naturalists, namely, that the 
sea-star protrudes its great sac-like stomach, and envelops to a great 
extent the oyster therein, and so leisurely digests the mollusk out of 
its unopened shell, much as a codfish does the shells it swallows. 


Fie. 7.—Tusicota.—a, Serpula contortuplicata ; b, Spirerbis communis. 


After having seen young star-fishes eat small specimens (that is, such 
as were suited to their size) of oysters, mussels, and seollops, which 
Ihave fed to them in an aquarium, I give the following as based on a 
number of observations: Having brought the oval, or stomach orifice, 
exactly opposite the nib of the oyster, the star embraces the bivalve 
with its five flexible rays, aided by the hundreds of sueking-disks on 
the tiny feet. Thus positioned, the star-fish elings firmly, but keeps 
itself quite still, and waits very patiently. After a while, the instinct 
of the oyster will be at fault, and it will open, as if no enemy were 
near, At this moment, as it seems to me, is injected from the oral 
orifice of the star a baleful “ sidereal blast.” It is a something that 
paralyzes the mollusk ; because, from that moment the valves of the 
oyster are opened to their full extent, and the hold of the flexible rays 
is relaxed. Instantly a singular vartation of the performance sets in, 
The rays are withdrawn and set hack to baek—the stomaeh is pro- 
truded, and the doubled-up star intrudes itself into the oyster, the 
evicted stomach leading the way in the movement, and absorbing its 
victim. If the famous “India-rubber man” could throw baekward 
his arms, legs, and head, and in this position could then infuse him- 
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self, stomach-first, into a partially-opened writing-desk, he would 
rival this feat of the sea-star, without the villainy of injecting chloro- 
form through the key-hole. 

But the oyster race has one foe more formidable than all the rest— 
one who invades their ancient waters with iron implements and bun- 
gry fleets—who brings to his service the appliances of a high intelli- 
gence, and the impulsion of an imperious necessity—who, after the 
strictest rulings of the old barbaric cannibals, assigns the adult cap- 
tives to immediate immolation, and reserves the young to be grown 
and fed for a future feast. And everybody eats the poor oyster— 


Fie, 8.—Sea-ANEMONES. 


prince and peasant—the healthy and the sick; even he who is paying 
the penalty of long defiance to a stern physical law, and to whom all 
food is suggestive of torture, thinks he might stand an oyster or two. 
The rollicking student, brimming full of frolic and swagger, emerging 
from his day’s course on the humanities, fancies that oysters make a 
good dessert after such dry pabulum. In fact, he holds the bivalves 
in so high esteem that he informs “ Chum,” sentimentally, of course, 
that he thinks oysters should be called poudula amoris, and proposes a 
dozen each on the half-shell. So the saloon-man prepares for the im- 
molation. With the implement of his calling he taps at the passage- 
way, “The gate’s ajar.” Treachery! The iron enters the soul! Chum 
takes the initiative. The mollusk approaches the lips—and—it is gone! 
There is a gleam in Chum’s eye—a flash cestatic ; it is the light of 
genins satisfied. “Tom, it is the elixir of the gods solidified! How 
it went down like a chnnk of bliss! Fucilis descensus Averni.” 

It is a pity that candor shonld compel one to seem to spoil this fine 
Roman sentiment by quoting Roman practice. But we cannot cover 
up history; and we are the less willing to do so, because we are about 
to cite transactions that will prove the great wrongs suffered by Os- 
trea, for so these Romans called our oyster. The chroniclers tell that 
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the Emperor Vitellius could eat a thousand of these bivalves at a meal. 
What vitals must this Vitellins have had! Who would dare under- 
take to victnal such a ¢lutton as that? It is said of that gentle wag, 
Charles Lamb, that, on a certain occasion, the omnibus in which he 
rode was stopped by a man, who poked ir his head and blufily asked, 
“All full in there?” To which Lamb meekly made response, “1 
don’t know how it is with the rest—but that last piece of oyster-pie 
did the business for me!” But this Vitcllius was not so easily done 
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Fig. 9.~FRAGMENT OF THE TONGUE-FILE, OR LINGUAL RIBBON, OF THE WHELK (Buccinum 
undutum), MAGNIFIED, 


for as that comes to. Having engulfed his fill of these ostrean inno- 
cents, this royal gourmand would open the sluice-gate of his kingly 
maw, and cause a slave to tickle the fauces with a peacock’s feather, 
This, acting as an elevator, effected a full discharge of the beastly 
cargo of that carnal vessel. This done, that ostreaccons appetite 
would load up afresh. Would not the evertible stomach of a star- 
fish have been an inestimable blessing to that imperial beast ? 
Dietetics oF THE Oyster.—<Are oysters good to eat ? Said Mon- 
taigne, “ To be subject to colic, or deny one’s self oysters, presents two 
evils to choose from.” This is very fine for Montaigne, but it is a libel 
for all that. Besides, he was a sickly man at best of times. Says 
Reveille-Paris: “There is no alimentary substance, not. even excepting 
bread, which does not produce indigestion under given circumstances, 
but oysters never. We may eat them to-day, to-morrow, eat them 
always, and in profusion, without fear of indigestion.” It is said that 
the first Napoleon always ate oysters on the eve of his great battles, 
if they could be got. Says Fignier: “The oyster may thus be said to 
be the palm and glory of the table. It is considered the very perfec- 
tion of digestive aliment. ... The small proportion of nutritive matter 
explains the extreme digestibility of the oyster.” It “is nothing more 
than water slightly gelatinized.” But, if we would have authority the 
most recent, and thoroughly trustworthy, let us go to that little book 
in the “International Scientific Series,” “Foods,” by Edward Smith, 
M.D. Here we have the dictum of the physiologist: “The oyster is 
not a food of high nutritive value, but is nevertheless useful to the 
sick, while its delicacy of flavor leads to its selection when other foods 
are rejected. The more usnal mode is to eat it when uncooked ; and 
itis very doubtful whether cooking increases its digestibility. It is, 
however, possible that the flavor of scalloped may be preferred to that 
of the raw oysters, or that the vinegar which is usually eaten with the 
latter may be disliked, or may disagree with the stomach, but, with 
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such exceptions, the usual method of eating them raw is to be pre- 
ferred” (page 116). 

Americans, I believe, are the only people who eat the so-called 
soft-shell crabs; that is, crabs at the time of having cast the skin, 1 
is not at all probable that, at such a time, the animal is wholesome 
food. And so with oysters, during the spawning-season, it is wiser to 
abstain, for the reason that one is not sure that the oysters we are 
eating then are not in a spawning state. In its normal condition the 
oyster ts exeellent food; and, if we assign it its rank among the shell- 
fish, it will be, withont dispute, the queen of the bivalves. 


Fre. 10.—ASTERIAS RUBENS, A EUROPEAN SEA-STAR, OR STAR-FISH. 


Some Facts, Grocraruican axp Erinoioaican.—Says Figuicr, 
Virginia has 2,000,000 acres of oyster-beds. In many places they grow 
so thickly that they make immense mounds in the water, the lower 
oysters being killed by those above. Even months of the sea have 
been closed by them, says Dr. Smith, Certainly in this particular the 
wealth of Virginia and Maryland is immense. In former times all the 
suitable waters of New York and New Jersey abounded in native 
oysters. There are those yet living who remember the custom of the 
farmers to go with their wagons to the shore at or near Keyport, New 
Jersey, to gather “natnral ” oysters. There is a enrions old map in | 
existence which will, we predict, beeome famous as an authority in 
the appeals of State diplomacy. It is dedicated to Governor Moore, 
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of the province of New York, by its author, who signs himself “ B. 
tatzer, Siuwr in His Majestie’s 60th American Reg’t.” It is a map 
of the city of New York, and it gives the waters of the entire harbor, 
with their soundings. Its date is 1767. A large traet of water is 
marked “Tue Oysrer-Banxs.” In that area of what was then fine 
native oysters is now the vast patch of “ made-land,” laid down by the 
filling in of the city’s refuse, by the New Jersey Central Railroad, and 
which matter is now in litigation, The time was when the entire 
waters west of the channel, beginning south of Jersey City, and snr- 
rounding Ellis and Bedloe’s Islands and Robbins’s Reef, and a little 
way beyond Constable’s Point, up the Kill Von Kull, altogether some 
six miles in a straight line, was a rich bank of native oysters, and 
supposed to be inexhaustible. It ean hardly be questioned that, 
when the European settled here, that which is now the eastern coast- 
line of the United States contained, by several times, more of these 
edible bivalves than did all the rest of the world. The very shells left 
inland in many places, by the aboriginal oyster-eaters, make mounds 
of vast extent, in some instances thirty feet high. At Fernandina, 
and other places in Florida, they were used as forts in the late war. 
As to their antiquity, there can be no dowbt that oysters were eaten 
there thousands of years ago. 

Recent ethnological investigations indicate, at least, the strange 
fact that the people who began those shell-heaps antedated the sup- 
posed autocthones of the American Indian, Their bones have been 
discovered, and they show an osteology not known among any of the 
red-men of to-day, namely, a flattening of the tibia, or shin-bones. 
The relics of the great mounds have shown the same fact; and so 
marked is this, that the name platyenemic, or flat-shinned, is proposed 
for this ante-historic race. Again, the unpleasant faet is also indi- 
cated that these same ancient oyster-eaters were cannibals, And 
those heaps of oyster-shells on the land, in which are mixed relies of 
the ancient races, extend from Florida to Maine. They are fonnd on 
islands in Casco Bay. But the oyster is not an inhabitant of these 
parts to-day. In fact, it is a sort of fossil; so that some great geo- 
logical change has taken place on our coast since those times in the 
long ago, This snrely points to a great antiquity of these autocthonic 
oyster-eating men, And the several facts just enumerated would indi- 
cate the extraordinary prevalence of this bivalve on our Eastern coast, 
The most ancient name of Britain is Albion, with evident allusion to 
its white clifts. If this truthfully characterized the Druid-Land, it 
surely would not have been less appropriate, nor less poetieal, had 
the first adventurer named this Occident shore the Oyster-Land, 

So, then, how potent has been the influence of the oyster in the 
industries, and morals, and convivialitics of the ancient and the mod- 
ern man! 
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SOME SUPERSTITIONS OF ITYDROPHOBIA. 
By CHARLES P. RUSSELL, M. D. 


GE reign of Sirius is over, and the dread of hydrophobia has 
eeased to agitate the public mind, At this auspicious season 
of the year we may approach the subject with cool premeditation, and 
deal with it in our own way. No longer do we regard our eanine 
associates with a sort of indefinable apprehension. Our Spitz “ Prince” 
pursues with savage inteut the obnoxious honse-fly, without exciting 
any snspicion of “snapping at imaginary objects in the air.’ His 
appetite is capricious, and we merely sympathize with him as a fellow- 
sufferer from dyspepsia. He bites a part where crawls the occult flea, 
without having to undergo a critical examination for a “ point of in- 
jury.” He retires in dim seclusion under the sofa, and indulges in 
reycrie—disagreeable reminiscences of the past, grim contemplations 
of the present, and perhaps gloomy anticipations of the future—with- 
out having his moroseness nusinterpreted. Je becomes uneasy and 
fidgety, even peevish and ugly at times—what then ?—like master 
like dog, he serves to illustrate our human moods. Oceasionally he 
displays toward us an exaggerated degree of affection almost unac- 
countable in any Prince of mature age; but this is in the early morn- 
ing, and the odor of his favorite liver ascends from the kitchen; even 
his blandishments, alas! are sometimes selfish. He is now permitted 
to run through the street without a muzzle, and to consort with the 
of roAAor-—“ the great unwashed ”"—of his tribe; which aftiiation he 
thoroughly enjoys, albeit a dog of most aristoeratie pedigree—remem- 
bering, possibly, that both his deseent and theirs are by many natu- 
ralists derived from a common and somewhat disreputable ancestor 
named Wolf. In faet, the dog-days being past, his follies, his faults, all 
his vagaries, seem natural as ever. How is it, we now ask ourselves, 
that this faithful servant and friend should have been under such a cloud 
during all the bright summer? Why, as Mr. Mayo has remarked, 
should he be regarded at that particular season as being subject to “a 
sort of dog-lunacy, having the same relation to Sirius that insanity has 
to the moon—whieh, indeed, in another sense, is probably true?” 
The answer may be found in that peculiarity of human nature which 
clings fast to traditions and superstitions, and will most probably 
always do so until man ceases to be human. It is the province of sci- 
ence, however, to battle with these familiar foes, and to at least sur- 
round with invineible lines the almost impregnable positions in which 
Time has intrenched them amoung the eredulous and ignorant. 
The mysterious influence of the “dog-days ” upon the canine race 
is an opinion of the greatest antiquity, dating back apparently to An- 
nubis, the dog-form of the Egyptian Apollo, whose appearance in the 
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heavens was a premonition of impending danger. It probably also had 
some connection with the Kivogorti¢ éoprH, a festival of the Argives 
marked by the destruction of many dogs. In the “liad,” Ilomer men- 
tions Orion’s dog as affecting human health disastrously. Pausanias, 
in his “ Travels in Greece,” alluding to the story of Acton’s destruc- 
tion by his own hounds, was inelined to attribute the myth to the 
circumstance that the season had eaused the pack of the femous hunter 
to run mad, Pliny remarks, in his “ Historia Naturalis,” that “ eanine 
madness is fatal to man during the heat of Sirius, and proves so in 
consequence of those who are bitten having a deadly horror of water. 
For such reason, during the thirty days that this star exerts its infln- 
enee, we try to prevent the disease by mixing dung from the poultry- 
yard with the dog’s food, or else, if he is already attacked with the 
disease, by giving him hellebore.” From the time of Pliny until quite 
recently the development of rabies by summer heat has been accepted 
as a fact among scientific men, and the idea has beeome too deeply 
rooted in the popular mind to be easily eradicated. Only within the 
present century has it been proved conclusively by critical inquiry 
that no season of the year is specially concerned in the produetion of 
this formidable affeetion. Henee the absurdity of legislative enact- 
ments designed as precautionary measures against bydrophobia, and 
operative only during the summer months. 

Our old and esteemed friend Pliny is responsible for several other 
very remarkable statements with regard to the dog. He asserts 
gravely that dogs will run from any one having.a dog’s heart about 
him, and will never bark at a person who earries a dog’s tongue in his 
shoe under the great toe, or the tail of a weasel which has been liber- 
ated after being deprived of that appendage. Among various absurd 
preventive means which he recommends, as efficacious in the ease of a 
person bitten by a mad dog, is, to insert into the wound ashes of hairs 
from the tail of the animal which inflieted the injury. Hence the half- 
sick reveler, as he imbibes his morning potation, assures himself of its 
curative effeet in the remark that he is taking “a hair of the dog that 
bit him.” 

The same author informs us of a belief common among the Romans, 
that a dog which Japs the milk of a woman who has had a male child 
will never become rabid. 

Another singular tradition, handed down from remote antiqnity, 
but popularized by Pliny, is the idea that beneath the dog’s tongue 
is situated a worm whose existence encourages the development of 
hydrophobia, and whose extirpation in puppyhood is an infallible pre- 
ventive of the disease. IIe thus alludes to it: “There is in the dog’s 
tongue a small worm known as ‘lytta’ among the Greeks. If this be 
removed from the animal while a pup, it will never become rabid or 
lose its appetite. This worm, after being carried thrice around a fire, 
is given to persons who have been bitten by a rabid dog, to prevent 
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their going mad.” There is a curious correspondence between this 
recommendation of Pliny’s and the following recipe for the “tear of a 
mad hound,” found in an old Anglo-Saxon leech-book, written about 
the commencement of the eleventh century, entitled “ Medicina de 
Quadrupedibus: ” “Take the worms (thymas) which be under a mad 
hound’s tongue (under thede hundes cunzan), snip them away, lead 
them round about a fig-tree, give them to him who hath been rent; he 
will soon be whole.” 

Allusion is made to this worm in a work called the “ Kynosophian,” 
supposed by some to have been written by Phemon, while others 
attribute it to Demetrius Pepagomenos, a Greek writer residing at 
Constantinople in the twelfth century. In this book it is asserted that 
underneath the dog’s tongue is a little body like a white worm, which 
must be quickly destroyed cre it increase and invade the whole throat. 
In the sixteenth century, Fracastorins, in a poem styled “ Alcon, sive 
de cura Canum Venaticorum,” refers to it in the following words: 
“ Vulnifieus vermis suffunditque ora veneno.” 

In more modern times, the Germans generally believed in it, term- 
ing it the Zolhwurm, or worm of madness, So popular was the super- 
stition, that, in the middle of the last century, there existed in Prus- 
sia an ordinance requiring all owners of dogs to submit them to this 
mutilation, The ordinance was rendered more specific by a royal de- 
cree of February 20, 1767, establishing a regular corps of operators, 
whose duty consisted in visiting semi-annually all houses containing 
dogs, “ worming” every animal, and furnishing the master thereof 
with a certificate to that effect. The ediet prescribed, likewise, that 
every dog should be so treated before it had become six months old, 
and persons violating the law were condemned to pay a fine of fifty 
Prussian crowns, or, in defanlt thereof, to suffer an imprisonment of 
one month, In 1786 a similar law prevailed in Hanover. This so- 
called worm was explained by some to be a vein, whose absence in a 
dog menaced by hydrophobia leads to engorgement of the throat and 
immediate asphyxia. It was regarded by Morgagni and Ieydecker, 
after careful examination, as a spiral tendinous arrangement peculiar 
to the canine race, having some connection with the genio-hyo-glossus 
muscle, and serving to facilitate the act of lapping. Other authori- 
ties, however, deemed it to be the duct of the submaxillary gland, and 
others still mamtamed that it was merely the frenum lingue. The 
English author, Fothergill, in his celebrated treatise on Hydrophobia, 
remarked that nothing was definitely settled relative to the utility of 
the operation, but that the whitish vermiform substance thus removed 
was nothing else, it might be presnmed, than the eanal forming a por- 
tion of the salivary apparatus, whose destruction might possibly exer- 
cise some influence upon the secretion, in diminishing, to a certain, ex- 
tent, the liquid which transmits the virus. 

The whole theory, however, was substantially demolished in 1786, 
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in the very country where it was most in vogue. <A rabid dog, near the 
village of Trieglitz, Prussia, bit a shepnerd’s dog, which was shortly 
afterward seized with rabies, and in turn communicated it to several 
cows. Both of these dogs were proved, by authentic certificates, to 
have undergone, when pups, the prescribed operation. The sanitary 
physicians of the distriet assembled to investigate the subject, and 
numerous instances were brought to their notice of hydrophobia hav- 
ing been imparted to both animals and men by dogs whose Tollwurms 
had been extirpated in the most approved manner. These faets led to 
the suppression of the eorps of operators. Subsequently the authori- 
ties of the province of Detmold conyoked a similar commission of in- 
vestigation, the result of whose inquiries fully confirmed the conelu- 
sions previously reached. 

This idea never obtained inneh credence among the English. Dr. 
Samuel Johnson spoke of the reputed worm in his expressive man- 
ner as “a substanee—nobody knows what, extracted—nobody knows 
why.” 

According to a report of Dr. Armand to the Paris Academy of 
Sciences, the same practice still exists in Thrace, and it is deseribed 
by Auzias Turenne, in the ‘ Reeeni] de Médecine” for 1869, as then 
prevailing in Turkey and Moldo-Wallachia. Fleming statcs that it 
is quite common in Roumania, and Ramon de Sagra alludes to it as 
being popular in Spain. It prevails to some extent in our own coun- 
try, especially in the South. 

Columella, a contemporary of Pliny, in a work entitled “De Re 
Rustiea,” informs us that in his time it was believed among shepherds 
that, if, on the fortieth day after a pup’s birth, the last bone of the 
tail be bitten off, the sinew will follow with it; after which the tail 
will cease growing, and the animal will remain secure from madness. 
This brutal mutilation is still sometimes practised by dog-fanciers, 
particularly in England, where the Royal Society for the Prevention 
of Cruelty to Animals have obtained several convictions against those 
resorting to it. 

The aneients ascribed peculiar virtues to a variety of stone ealled 
ammonis cornu, which was supposed to possess the property of ex- 
tracting the virus from wounds inflicted by mad dogs or venomous 
reptiles. Pliny alludes to it under the above name, and it has sinee 
received the appellation ammonite, both terms referring to Its resem- 
blanee in shape to the horns which surrounded the head of Jupiter 
Ammon. It has also, in more modern times, been popularly known 
as the mad-stone and the snake-stone. Scientifically speaking, it is 
the fossil petrifaction of an extinct mollusk closely resembling the 
nautilus, having a spiral, symmetrical, and chambered shell, varying 
in size from that of a small bean to that of a large cart-wheel. In the 
East Indies and China it has for ages enjoyed the reputation men- 
tioned. 

Vou, v1.—12 
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In the fourth volume of the Medical Repository, an old journal 
published in this city in the beginning of the present century, may be 
found a communication from a Virginia gentleman, entitled “The 
Chinese Snake-stone, and its Operation as an Antidote to Poison.” 
This remarkable stone, it appears, was brought from Bombay in 1740, 
and a portion of it subsequently came into the hands of Rev. Mr. Lewis 
Chaustien, of Frederick County, who employed it in cases of snake 
and dog bites. The writer describes how, his little daughter having 
been bitten by a mad dog, he was induced to carry her to Mr. Chaus- 
tien in order to obtain for her the benefit of his remedy. Waving 
been informed that the stone, which was in three pieces, would adhere 
to no wound except one inflicted by a serpent or a mad dog, he tried 
the experiment of placing a piece upon two scratches on his child’s 
body occasioned by a recent fall, but it immediately dropped off. On 
being applied, however, to the dog-bite, it at once took hold like a 
leech, and continued to stick for eight hours; and the other two pieces 
adhered successively an equal length of time before they fell off. They 
were then immersed in hot water, when, in a short time, a number of 
small bubbles began to rise, and a scum, like oil of a greenish-yellow 
color, soon covered the surface. The pieces were afterward dried in 
warm ashes. Mr. Chaustien exhibited a certificate which had accom- 
panied the stone from Bombay, and which attested its efficacy in ex- 
tracting venom from the bites of all poisonous animals. Another 
piece was in the possession of a Mr. Joseph Fredd, of Loudon Connty, 
Va. These wonderful stones doubtless still exist with virtues unim- 
paired—a profitable inheritance for those whose privilege it is to be- 
stow their inestimable boon upon credulous humanity. 

One of the most ancient measures employed in the case of a dog 
suspected of hydrophobia was, a prolonged sonsing in cold water, 
which treatment, however, was not confined to animals, but was ex- 
tended to persons whom they had bitten. Euripides, the Greek tragic 
poet, was said to have been thus preserved from hydrophobia. Even 
the celebrated and sagacious physician Celsus appears to have had 
confidence in the process, as he thus describes it: “The only remedy 
is to cast the patient unexpectedly into a pond, and, if he has no 
knowledge of swimming, to allow him to sink, in order that he may 
drink, and to raise and again depress him, so that, although unwill- 
ingly, he may be satiated with water.” 

In more modern days, Van Helmont gives the following quaint 
description of the same formidable method, as employed in his time: 
“There is a castle situated by the sea-side, four leagues from Ghent, 
which they call Cataracta, I saw a ship passing by it, and therein 
an old man, naked, bound with cords, having a weight on his feet; 
under his armpits he was encompassed with a girdle, wherewith he 
was honnd to the sail-yard. I asked what they meant by that spee- 
tacle, One of the mariners said that the old man was an hydro- 
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phobid, or had the disease causing the fear of water, and had lately 
been bitten by a mad dog. J asked toward what part of the sea they 
wished to carry him. Did they intend his death? ‘Nay, rather,’ 
said the mariner, ‘he shall presently return whole; and such is the 
blessing of the sea, that such a kind of madness it will presently cure.’ 
I offered them some money to take me along with them as a compan- 
ion and witness. When we had sailed about an Italian mile, the 
mariners did open a hole in the bottom, whereby the whole ship was 
almost suuk, even to the brim; indeed, they used the brine to reeoct 
Spanish salt. And when, as that hole was now again exactly shut, 
two men, withdrawing the end of the sail-yard, lifted up the top 
thereof, and bore the old man on high; but thence they let him down 
headlong into the sea; and he was under the water about the space 
of a miserere, whom alterward they twice more plunged, about the 
space of an angelical salutation, But they then placed him on a 
smooth vessel, with his back upward, covered with a short cloak. I 
did think that he was dead; but the mariners derided my fear, for, 
his bonds being loosened, he began to cast up all the brine which he 
had breathed in, and presently he revived. He was a cooper, of 
Ghent, and, being thenceforth freed from his madness, lived safe and 
sound, Also the mariners did relate that the Dutch, by a raw her- 
ring salted, applied to the bite of a mad dog for three days’ space and 
renewed, do take away all fear of madness, When this has been 
neglected, at least by the beheld manner of plunging they are all 
cured.” 

Fleming states that in Syria, at the present day, when a person is 
affected with hydrophobia, he is confined in a dark room, great care 
being taken to keep him tranquil, and prevent bis seeing any red-col- 
ored object ; and, if he thus survives for a certain period, he is cast 
from an eminence into the sea. This treatment would appear almost 
as effectual as another plan once pursued with hydrophobic patients, 
viz, smothering them between feather-beds, 

A mere enumeration of all the absurd devices and medicaments 
employed from time immemorial to prevent or eure hydrophobia, 
would fill many pages. Charms, incantations, amulets, and mysteri- 
ous religious rites, haye had a large share in such preservative meas- 
ures. One of the more modern and most remarkable superstitions 
connected with this subject is the reputed cure of hydrophobia by a 
pilgrimage to the shrinve of St. Hubert, in the Ardennes—a custom 
prevailing even now in Belgium, and dating back to the ninth cen- 
tury. According to the legend, the stole of St. ubert, by which the 
miracle is accomplished, was brought from heaven by an angel, who 
presented it to the saint while he was praying at the tomb of St. 
Peter, m Rome. <At the same time he received also a golden key 
from St. Peter, by which he became endowed with a special power 
over evil spirits. Wan Telmont thus alludes to the miraculous powers 
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of this vestment: “ Our good Catholics, despairing of relief from the 
faculty, repair to St. Hubert, at whose shrine, by virtue of certain cere- 
monies, they are cured; but it is worthy of remark that, if these cere- 
monics are not strictly observed, the latent rabies immediately breaks 
out, and they beeome irrevocably hydrophobic. There is a vestment 
of St. Hubert’s which is preserved in a chest secured by six locks, the 
keys of which are kept by the six different vergers. For these four- 
score years past they have been continually cutting off pieces from 
this haly vestment; nevertheless, it remains to this day perfectly en- 
tire! Now, it is impossible that there shonld be any imposture in the 
ease; for they have never been able to discover whether this miracu- 
lous robe be of linen, woolen, or of silk; consequently it cannot be 
annually renewed. They ent off'a piece of the robe and incarnate a 
thread between the skin of the patient’s forehead. Hence another 
miracle—for a person thus cured becomes possessed of a power to 
postpone the hydrophobia during forty days in any of his acquaint- 
ance who, after being bitten, may not have leisure immediately to 
visit St. Hubert; on the condition, however, that, if they exceed the 
forty days ever so little, without applying for a prorogation of the 
term, they go mad irrevocably.” 

A rubric of the regulations to be observed by the patients, in order 
that the miracle might succeed, was printed in 1671. It contained a 
long catalogue of ridiculous observances and ceremonies, all of which, 
however, were in the same year condemned by the Sorbonne as “ su- 
perstitious.” That this practice continues, notwithstanding the oracu- 
lar declaration of that famous theological establishment, may be in- 
ferred from the following circumstance, related by M. Stanislaus 
Prioux, in his “ Vie de Saint Hubert:” “At the time when rabies 
had spread the utmost terror over the greater portion of the northern 
countries (about two years ago, in 1851), I knew an old man at Brus- 
sels, who, in his youth, had undergone the ordeal prescribed by St. 
linbert, and who yet carried on his forehead the precious cicatrix. 
He assured me he had saved the lives of several people by granting 
them delays, while others bitten at the same time by the mad animals 
died.” 

According to Fleming, who quotes from Dudley Costello’s “ Tour 
through the Valley of the Meuse,” what are called “the keys of St. 
Hubert” consist of an iron heated red-hot, and applied to animals 
bitten by mad dogs. It appears never to have borne the form of a 
key; for, in the town of St. Hubert itself the amulet was an iron ring 
inserted in the wall of one of the houses in the principal street. It no 
longer exists, though the belief in the potency of St. Hubert is, among 
the peasantry, as strong as ever. In other places, where this saint is 
especially venerated, the form of the exorcising instrument in no way 
resembles the key given by St. Peter. At Liége, it is also an iron 
ring, and at Utrecht an iron cross. 
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Among people more or less uneivilized, there prevail some curious 
notions with regard to hydrophobia. In the mountainous districts of 
Yonmania, where the disease is common among wolves and dogs, the 
peasantry believe that birds of prey, as cagles, hawks, vultures, ete., 
fall dead from an aérial elevation never reached by other creatures, 
and are devoured by wolves; these latter thus contract rabies, trans- 
mit it to the shepherd-dogs, and they in turn communicate it to cattle 
and human beings simply by infecting the atmosphere with emana- 
tions from their diseased bodies. According to Burton (in his “ Pil- 
grimage to Medinah and Mecea”), the tribes of El-Hejaz—a distriet of 
Arabia on the Red Sea—imagine that a bit of meat falls from the sky 
and renders mad any person eating it. They also reeognize the faet 
of the communicability of hydrophobia from degs. Burton says: “I 
was assured by respectable persons that, when a man is bitten, they 
shut him up, with food, in a solitary chamber for fonr days, and, if, at 
the end of that time, he still howls like a dog, they expel the ghia 
(devil) from him by pouring over him boiling water mixed with ashes 
—a certain eure, I ean readily believe.” 

Sir Samuel Baker, while exploring the Nile tribntaries of Abys- 
sinia in 1862, found rabies quite prevalent in those regions. Le re- 
lates how he was one night disturbed by a tremendous tnimult, and 
light filling the air, and yelping of dogs. He went ont and ran toward 
a blazing but. “As I approached, first one, and then another dog 
ran screaming from the flames, untila regular pack of abont twenty 
scorched animals appeared in quick succession, all half mad with fright 
and fire. J was informed that hydrophobia was very prevalent in the 
country, and that the certain preventive from that frightful malady 
was to make all the dogs of the village pass through the fire. <Ac- 
cordingly, an old hut had been filled with straw and fired, after which 
each dog was brought by its owner and thrown into the flames.” 

Fleming, while quartered with the British Army of Ocenpation at 
Tien-tsin, near Peking, China, in 1861, was assured on the best author- 
ity that, in some portions of the Flowery Land, it is the universal be- 
lief that a man affected with hydrophobia is enceinte, and that he is so 
distressed, and ultimately perishes, because he cannot be delivered! 

Closely connected with outbreaks of Inpine rabies, of which we 
haye authentic accounts as early as the thirteenth century, was the 
remarkable superstition of the middle ages termed lycanthropia—a 
belief that human beings were temporarily transformed into wolves 
(or “ were-wolves” as they were called), in order to satisfy an unnatu- 
ral craving for human blood. It is well known that the wolf, when 
rabid, exhibits a peculiar change of habit and character. It quits its 
customary haunts in the forest recesses, and displays no fear or hesi- 
tancy in entering towns and villages, where it boldly encounters dogs, 
men, and other creatures, attacking them furiously, biting and tearing 
them, and then continuing its dreadful course of destruetion. Brera 
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relates that at Crema, Italy, in 1804, a mad wolf descended from the 
mountains and bit not only a vast number of animals, but thirteen per- 
sons besides, of whom nine perished of hydrophobia. This peculiar au- 
dacity of the rabid wolf, and the fact that a human being suffering from 
the disease often imagines himself personally identified in some man- 
ner with the animal that bit him, were doubtless largely concerned in 
the maintenance of this superstition at a period when, as Leecky ob- 
serves, the air was surcharged with the supernatural. But, in fact, 
this fable may be traced back to mythological ages, and the existence 
of the “were-wolf” has been attested by Herodotus, Pliny, Strabo, 
Virgil, Ovid, and other ancient authors, Most of us remember the 
story recounted in Ovid’s “ Metamorphoses,” of Lycaon, King of Arca- 
dia, who entertained Jupiter with human flesh, in order to prove his 
omniscience, and was punished by having all of lis sons, save one, and 
himself, transformed into wolves: 


“Tn vain le attempted to speak; from that very instant 
His jaws were bespattered with foam, and he only thirsted 
For blood as he ranged among flocks and panted for slaughter.” 


There are probably few countries in the world where some form of 
this superstition has not existed, but it has raged especially in places 
infested with wolves—in the Jura, in Russia, in Ireland (where, ac- 
cording to Camden, the inhabitants of Ossory were said to become 
wolves every seven years), in the wooded districts of Germany, 
France, Italy, Greeee, and Turkey—regions where lupine madness 
has been partieularly prevalent. Olans Magnus, a writer of the mid- 
dle ages, relates that in Prussia, Livonia, and Lithuania, although the 
inhabitants suffered much from the ravages of wolves among their 
eattle, they regarded such inroads as of little consequence compared 
with the ferocious attacks of were-wolves. He says, “On the feast of 
the Nativity of Christ, at night, such a multitude of wolves trans- 
formed from men gathered together in a certain spot, arranged among 
themselves, and then spread to range with wondrous ferocity against 
human beings and those animals which are not wild.” Yineelius in- 
forms us that, in 1542, there were such a great number of were-wolves 
about Constantinople that a special expedition was organized against 
them, and the sultan, accompanied by his guard, left the city and 
slew one hundred and fifty. A French judge, named Boguet, about 
the end of the sixteenth century, devoted himself espeeially to lyean- 
thropes, of whom he burnt a multitude, and afterward wrote a treatise 
on the subject. 

Among the stupid popular ideas prevailing at the present time 
with regard to a mad dog is the belief that persons, who may have 
been bitten by the animal a long time previously and when it was 
healthy, are in danger of developing hydrophobia upon its subsequent 
appearance in the dog. This notion would seem almost too ridiculous 
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to mention, were it not so common, that a dog who bites a person ma- 
liciously is almost invariably killed, with the sole intention of render- 
ing the human being secure from hydropbobia. A little reflection 
should convince those who entertain this foolish superstition, that, by 
killing the animal, they are depriving themselves of the only means of 
certainty as to its actual condition ; for, if in the first vague stages of 
rabies, it must exhibit pronounced symptoms within a very few days, 
whereas, if it remain healthy, by no possibility can the person bitten 
suffer other consequences than those ensuing from an ordinary wound, 


PHYSIOLOGICAL BASIS OF MENTAL CULTURE.’ 
By NATHAN ALLEN, M.D., LL.D. 


N the advancing knowledge of physiology it has been discovered 
that all mental culture should be based upon the brain—that cdu- 
cation should be pursued in harmony with the laws of life and health, 
and that, where these are violated, the advantages of the former afford 
poor compensation, Formerly no attention, or scarcely any, was paid 
by school boards and teachers, in the matter of education, to the con- 
dition of the body or the development of the brain, and even at the 
present day very little is paid them, compared with what should be 
given to those great physical laws which underlie all mental culture. 
The lives of a multitude of children and youth are sacrificed every 
year in this Commonwealth by violating the laws of physiology and 
hygiene, through mistaken or wrong methods of mental training ; be- 
sides, the constitution and health of a multitude of others are thus 
impaired or broken down for life. Nowhere else in socicty is a radi- 
cal reform needed more than in our educational systems. Inasmuch 
as the laws of the body lie at the foundation of all proper culture, they 
should receive the first consideration. But, in educating the boy or 
girl, from the age of five to fifteen, how little attention is given to the 
growth and physical changes which necessarily occur at this most im- 
portant period of life! The age of the child should be considered ; 
the place of schooling, the hours of confinement and recreation, the 
number and kinds of studies, together with the modes of teaching, 
should all harmonize with physical laws—especially those of the brain. 
The system or mode of treating, in edueation, all children as though 
their organizations were precisely alike, is based upon a false and un- 
natural theory. Great injury, in a variety of ways, results from this 
wrong treatment; in fact, injuries are thus inflicted npon the sensitive 
organizations and susceptible minds of young children, from which 


1From “Medical Problems of the Day’”?—a Discourse before the Massachusctts 
Medical Society. 
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they never recover. That many of our most independent and elear- 
headed edueators themselves express so much dissatisfaction with the 
working and results of our schools, affords evidence that something is 
wrong in the present system, is we contemplate the great improve- 
ments made in education for the last thirty or forty years, and are 
surprised that edueators were content to tolerate the state of things 
then existing, so will the next generation, when still greater and more 
radical changes shall have been introduced, look back with astonish- 
ment at this generation, aud wonder that it was so well satisfied with 
its own methods. When our educators become thoroughly convinced 
that physical development as a part of education is an absolute neces- 
sity—that a strict observance of the laws of physiology and hygiene 
is indispensable to the highest mental eulture—then we shall have 
vital and radieal changes in our edneational system; then the brain 
will not be cultivated so much at the expense of the body, neither will 
the nervous temperament be so unduly developed in proportion to 
other parts of the system, now so often bringing on a train of neuralgie 
diseases which cannot easily be enred, and exposing the individual to 
the keenest and most intense snffering which all the advantages of 
mental eulture fail, not unfrequently, to compensate. 

The more this whole subject is investigated, the more reason we 
shall find for making allowances or some distinction in scholastic dis- 
cipline with reference to the differences in organization of children, 
and for adapting the hours of confinement and recreation, the ventila- 
tion and temperature of school-rooms, the number and kinds of studies, 
the modes of teaching, ete., to the laws of the physical system, But 
another and still more important change must take plaec. Some time 
—may that time be not far distant !—there will bea correct and estab- 
lished system of mental science, based upon physiological laws; and, 
until this era arrives, the modes and methods of education must remain 
incomplete and unsatisfactory. The principles of this science, in the 
very nature of things, must rest upon a correct knowledge of the laws 
and funetions of the brain; and, until these are eorreetly understood 
and redueed to a general system, all edueation must be more or less 
partial, imperfect, and empirical. While the old theories of metaphy- 
sicians are very generally discarded, they still have practically a pow- 
erful influence in directing and shaping our edueational systems and 
institutions. In the selection and arrangement of studies very little 
attention is paid to the peculiar nature or operations of the various 
faculties of the mind, or the distinct laws that govern their develop- 
ment and uses. For illustration, instead of educing, drawing out and 
training, all the mental faculties in their natural order and in harmony, 
each in proportion to its nature or importance, the memory is almost 
the only faculty appealed to in every stage of edueation ; and this is 
so crammed and so stuffed that frequently but little of the knowledge 
obtained can be used advantageously. Instead of developing the ob- 
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serving faculties by “ object-teaching,” appealing to the senses of 
sight and hearing, those two great avenues of knowledge, or giving 
much instruction orally, we require the scholar to spend most of his 
time in studying and poring over dooks, mere books. The mind is 
treated as a kind of general receptacle into which knowledge almost 
indiscriminately must be poured, yes, foreed, without making that 
knowledge one’s own, or creating that self-reliance which is indispen- 
sable to its proper use. In this way the brain does not work so natu- 
rally or healthily as it ought, and a vast amount of time, labor, and 
expense, is wasted—nay, worse than wasted. From this forced and 
unnatural process there often results not only a want of harmony and 
complete developinent of all parts of the brain, but an excessive de- 
velopment of the nervous temperament, and not unfrequently an irri- 
tability and morbidness which are hard to bear and difficult to over- 
come, And not unfrequently it ends in a permanent disease of the 
brain, or confinement in a lunatic asylum. 

When we take a careful survey of the various discussions and 
diverse theories on this subject, considered metaphysieally, and then 
compare them with the great improvements and discoverics in the 
physical sciences for the last fifty years bearing upon the same subject, 
the change or progress looks mainly in one direction, viz., that all true 
mental science must ultimately be based upon physiology. Tere is a 
great work to be performed, and when accomplished it will constitute 
one of the greatest, most valuable, and most important achievements, 
that was ever wrought in the history of science. A vast amount of 
positive knowledge hag already been accumulated on this subject, by 
various writers, but a great work, by way of analysis, observation, 
and induction, and of further discoveries as to the functions of the 
brain, remains to be completed. This work must be performed, in a 
great measure, by persons profoundly versed in the physical sciences ; 
and no sinall proportion of it must come from the observations, labors, 
and contributions, of medical men. 


——+0o 
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By Il. CHARLTON BASTIAN, M.D., F.R.S., 
PROFESSOR OF PATHOLOGICAL ANATOMY IN UNIVERSITY COLLEGE, LONDON. 


Il. 
LTHOUGIL it is doubtless true that the superior dryness of 
seeds does enable them to resist the influence of heat longer 
than moist eggs are able to do, and therefore also enables them appar- 
ently to resist for a brief period a temperature notably higher than 
would have proved fatal to them had they been in a moist state—it 


1 From author's advance sheets, 
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is altogether another question when we have to decide whether moist 
Bacteria or their germs are endowed with this seed-like property of 
developing after desiceation, To maintain his position, Spallanzani 
was compelled to assume that they did possess this potentiality. 
Modern science, however, on the basis of experiment, declares that 
they have no such property. We are told most unreservedly by Prof. 
Burdon-Sanderson,’ not only that “the germinal particles of micro- 
zymes (Bacteria) ave rendered inactive by thorongh drying without 
the application of heat,” that is, by mere exposure to air for two 
or three days at a temperature of 104° Fahr., but also that, “fully- 
formed Bacteria are deprived of their power of further development 
by thorough desiccation.” Thus is the most important assumption 
made by Spallanzani swept away, and with it all the strength that 
his position may have appeared to possess, Neither he, nor any of 
his followers, can hope to save their germs from the full action of heat 
by assuming the preéxistence of a protective desiccation, when they 
are told, on the unquestionable authority of Prof. Sanderson, that such 
desiccation would be in itself destructive to them. 

We are left, therefore, now face to face with only one other ques- 
tion, JIas the progress of science, it may be asked, since the time of 
Spallanzani, in any way tended to strengthen the possibility that Bac- 
teria-germs or any forms of living matter in the moist state can resist 
the destructive action of boiling water, even for two or three minutes ? 
And to this question a negative answer may be unreservedly given, 
since the progress of science has shown, on the contrary, that such a 
supposition beeomes more and more improbable in the light of all nn- 
complicated investigations bearing on the subject. To these results 
of modern research I must now call the reader’s attention. 

In the first place, the specific question with which we are more lin- 
mediately concerned, as to the thermal death-point of Bacteria and 
their germs, has itself been answered by most decisive experiments, 
As the writer has elsewhere already shown,’ all direct experimentation 
on this subject leads to the conclusion that Bacteria and their germs, 
whether visible or invisible, are killed by a brief exposure to a heat 
of 140° Fahr. in the moist state. Thus Dr, Sanderson’s experiments 
having proved that the germs of these organisms are, as regards their 
ability to withstand desiccation, related to eggs rather than to seeds, 
the writer’s own experiments tend to strengthen this resemblance by 
showing that these Bacteria-germs also (like the eggs with which Spal- 
Janzani experimented) are invariably killed at a temperature of about 
140° Fahy. 

Although, therefore, my experiments are not favorable to Spallan- 
zani’s assumptions, they are entirely in accordance with his experi- 
ments. The thermal death-point ascertained by him for the eggs of 


1“ Thirteenth Report of the Medieal Officer of the Privy Council,” p. 61. 
2“ Proceedings of Royal Society,” 1873, No. 148, p. 224, and No. 148, p. 825. 
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Insects and of Batrachia, agrees almost exactly with that which I 
have established for Bacteria-germs, although at the time my own 
experiments were made I was unaware of these partieular results 
obtained by Spallanzani. 

Is there, then, any thing in this fact concerning Bacteria and their 
germs at all at variance with what we might have been led to expect 
from our knowledge about the capacity for resisting heat shown by 
other kinds of living matter? Here, again, a negative answer may be 
unreservedly given. The grounds for this opinion must, however, be set 
forth, and, in dealing with this important question, I will range what I 
have to say under the following heads: 1. The results obtained by 
many other investigators, working quite independently of one another, 
(and in many eases also without distinet reference to the Origin-of- 
Life question), all go to show that different kinds of living matter are 
killed when in the moist state at or below the temperature of 140° 
Fahr. 2. The only known exceptions to this rule are cases of a 
special kind differmg altogether from those with which we are at 
present concerned. 3. Our knowledge concerning the thermal death- 
point of Living Organisms and of Living Matter is remarkably har- 
montous, and is tn accordance therefore with what we know con- 
cerning the unity of living matter generally, 4, The assumptions 
entertained by some, in support of their notion that living matter un- 
accustomed to the influence of heat is able to resist the destructive 
action of boiling water, are of the most frivolous nature—alike unsup- 
ported by experiment and contradieted by all ordinary experience. 

1, Liebig proved that sugar-yeast (Zorula cerevisie) entirely lost 
its power of growth and germination at 140° Fahr. It has been ascer- 
tained by Tarnowski, after numerous experiments conducted, as Sachs 
says,’ “with all possible precautions,” that spores of Penicillinm and 
other common fungi, also most closely related by nature to Bacteria, 
“entirely lost their power of germinating when heated in their own 
nourishing fluids” to a temperature of 131° Fahr. Again, it has been 
ascertained by Dr. Timothy Lewis? that the germs of tape-worms are 
invariably killed at the temperature of 181°, while Prof. Mantegazza 
has shown that the male reproductive particles of frogs are killed by 
exposure to the same heat. So far, therefore, concerning germs, in 
addition to what I have already mentioned about Spallanzani’s obser- 
vations upon the eggs of Insects and Batrachia, Turning now to adult 
organisms of different kinds or to their elemental parts, the following 
facts may be cited: Pouchet* found that all kinds of Cillated Infu- 
soria were certainly killed at 131° Fahy., and while confirming this 
observation the writer found that a brief exposure to this temperature 


1“ Lehrbuch der Botanik,” third edition, p. 626. 

2 Kiehth Annual Report of the Sanitary Commissioners with the Government of In- 
dia,” 1871, p. 139. 

3“ Nouvelles Expériences,” ete., 1864, p. 38. 
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always sufficed to kill Amaba, Monads, Euglen», Desmnids, Rotifers, 
Nematoids, and other minute aquatic organisms. The writer did not 
try to ascertain what was the lowest temperature which would prove 
fatal to these organisms, though this has been done by other observers. 
Spallanzani, for instance, ascertained that Ciliated Infusoria, Water- 
fleas, Leeches, Nematoids, and other worm-like creatures, all perished 
at 107-113° Fahr.; while Max Sehultze,* and Kiihne,’ in part working 
over the same ground, have quite recently fixed the limits for such or- 
ganisms at temperatures varying between 104° and 113° Fahr. At 
these temperatures the protoplasm entering into the formation of 
such organisms as well as that of the tissue-elements of higher ani- 
mals was not only killed, it became coagulated and assumed the con- 
dition named by Kiihne “heat-rigidity.” Both Max Schultze and 
Kiihne also fonnd that the protoplasm of plant-cells with which they 
experimented was always similarly killed and altered by a very brief 
exposure to a temperature of 1183° Fahr. as a maximum. All acen- 
rate new observations, therefore, go to prove that different kinds of 
living matter, whether in the form of germ or of developed organism, 
are killed by a brief exposure in the moist state to a temperature at or 
below 140° Fahr. 

2. So far I have been referring to the influence of heat upon liv- 
ing matter when it is suddenly applied to an altogether unaccustomed 
extent. This is the mode of operation with which we are especially 
eoneerned, as, with the view to the interpretation of experiments on 
the Origin-of-Life question, we wish to know the effects of great heat 
upon organisms accustomed to ordinary atmospheric and aquatic tem- 
peratures, On the other hand, it should be pointed out that organisms 
have been found living in hot springs at temperatures very consider- 
ably above those I have just been quoting ; although the very highest 
of the temperatures, under the influence of which living things have 
been reported as existing in thermal springs, is still a few degrees be- 
low the boiling-point of water. The various observations that have 
been made upon this subject have been collected and criticised with 
much care by Prof. Jeffries Wyman,* to whose paper I would refer the 
reader. The most remarkable instances of this kind, in which Con- 
ferve, or allied organisms, have been met with—that is, the highest 
temperatures cited which are at all trustworthy—are thus summarized 
by Prof. Wyman: “The statements we have quoted,” he says, “vive 
satisfactory proof that different kinds of plants may live in water of 
various temperatures, as high as 168° Fahr., as observed by Dr. Hooker 
in Sorujkund; 174° as observed by Captain Strachey in Thibet ; 185° 
as observed by Humboldt in La Trinchéra; 199° as observed by Dr. 


1“ Yas Protoplasma,” Leipsic, 1863, pp. 83, 46. 

7“ Untersuchung tiber das Protoplasma und die Contractilitat,” Leipsic, 1864, pp. 
46, 108. 

3 American Journal of Science and Arts, vol. xliv., September, 1867. 
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Brewer in California; and 208° as observed by Descloizeaux in Jee- 
land.” As we have no grounds for criticising these observations, we 
are bound to look upon them, provisionally at least, as correet and 
taken with all due eare, though it is only fair to add that both Max 
Schultze and Colin appear to be not altogether satisfied with some 
statements of the same kind.’ Sueh instances, if thoroughly aceurate, 
may perhaps be taken as examples of the highest temperature which it 
is possible for living matter to endure, even where it has been inured 
to its influence in the most gradual manner. And the real point of 
view from which these facts should be regarded is, indeed, pointed out 
by Prof. Wyman when he says: “ Having become adapted through a 
long series of years to their surroundings, such organisms may be sup- 
posed to live under cireumstanees the most favorable possible for sus- 
taining life at a high temperature. Jt is a well-known physiological 
fact that living beings may be slowly transferred to new and widely 
different conditions without injury; but if the same change is suddenly 
made, they perish. In the experiments made in our laboratories, the 
ehange of conditions is relatively violent, and therefore liable to de- 
stroy life by its suddenness.” 

3. If we omit, therefore, the facts coneerning the existence of 
living organisms in thermal springs which are altogether peculiar, and 
which lie outside the boundaries of our present inquiry, all that we 
know about the unaceustomed iufiuence of high temperatures upon 
living things can easily be shown to be even more harmonious than it 
may at first glance appear. We have only to bear in mind two or 
three general principles in order to be able to harmonize the several 
experimental results arrived at with the now very generally admitted 
doctrine as to the oneness or generic resemblance existing between all 
forms of living matter. We must bear in mind, first of all, the eon- 
sideration enforced by Spallanzani, that there are different grades of 
vitality, or, in other words, forms of living matter which exhibit more 
or less of the phenomena known as vital, and that of these forms those 
which exhibit the most active life are those which would be most 
easily killed by heat. Thus we should expect the latent “life” of the 
germ, egg, or seed, to be less easily extinguished than the more subtile, 
and, at the same time, more active life of the fully-developed tissue- 
element or organism; and we should also expeet that the vegetal ele- 
ment or organism would, as a rule, be less readily killed than the more 
highly-vitalized animal element or organism. These principles, based 
upon the consideration of relative complexity of life, are, however, 
subject to the influence of a disturbing cause, since we must also take 
into account, in the ease of animals, whether we have to do with the 
elements of a warm-blooded or a cold-blooded organism, owing to the 
fact that custom or habitual conditions tend to render the more active 
tissue-elements of warm-blooded animals better able to withstand the 


1 Max Schultze, “Das Protoplasma,” Leipsic, 1863, p. 67. 
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influence of heat than similar elemeuts of less highly vitalized cold- 
blooded animals. Keeping these considerations in view, therefore, we 
may see by the following tigures how harmonious are the facts already 
ascertained : 

TEMPERATURES AT WHICH DEATH OCCURS, 


Simple aquatic organisms............0.+...--.. are killed at 104°-118° Fahr. 
(Spallunzani, Max Schultze, and Kithne.) 

Tissue-clements of cold-blooded animal—Frog.., ee “ 104° 
(Withne.) 

Tissue-elements of warm-blooded animal—Man.. a “111° 


(Stricker and Withne.) 
Tissue-elements of Plants—Urtica, Tradescantia, 


and Vallisneria.s.inccc cece aces deeb aee cies “ © 1164$°-1183° 
(Max Schultze and Hithne.) 
Eggs, Fungus-spores, and Bacteria-germs........ ef © 129°140° 


(Spallanzani, Liebig, Tarnowshi, and others.) 


So far as we can ascertain by really scientific methods, free from 
all obvious possibilities of misinterpretation, these are the tempera- 
tures which undoubtedly kill the different varieties of that common 
life-stuff known as Protoplasm—the ‘ physical basis of lite,” as it has 
been termed by Prof. Huxley. That it should present this eompara- 
tive unity in its behavior toward heat as well as to other physical 
agencies, is surely not in antagonism with the most generally-approved 
biological doctrines, of which Prof. Huxley has made himself the 
most celebrated exponent in this country. In his own forcible lan- 
guage he tells us as follows: ‘“ Beast and fowl, reptile and fish, mol- 
lusk, worm, and polype, are all composed of structural units of the 
same character, namely, masses of protoplasm with a nucleus... . 
What has been said of the animal world is no less true of plants. . . . 
Protoplasm simple or nucleated is the formal basis of all life. . . . Thus 
it becomes clear that all liviug powers are cognate, and all living forms 
are fundamentally of one character.” * 


4. I now turn to say a very few words concerning the general 
attitude and specific statements made by those who, wishing not to 
give in their adherence to the fact of the occurrence of “spontaneous 
generation,” affect to believe that Baeteria-germs or other kinds of 
living matter can resist the influence of boiling water. 

In the first place, it should be said that not one of these persons 
has striven to justify his position by scientific evidence bearing direct- 
ly upon the death-point of Bacteria and their germs, while several of 
them have glaringly attempted to make good their position in the 
most unscientifie manner, that is, by adducing experiments admitting 
of two interpretations as though they were instances only admitting 
of one, and then of these two possible interpretations selecting that 


1 Tay Sermons,” pp. 126-129. 
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which the experiments were not originally destined to illustrate, and 
which is, morcover, contradicted by other less equivocal evidence, as 
to the very existence of which those who adopt this course take care 
to say nothing. This is a kind of treason to Science of which I hope 
the future may prove less prolitic than the past has been. 

And, if we turn now to the specitic statements made by those who 
profess to believe that Bacteria and their germs are able to resist the 
influence of boiling water, we discover in the first place that all who 
advance such suppositions find it convenient to pass unnoticed the sev- 
eral series of experiments by which it has been proved that Bacteria 
and their germs are uniformly killed by an exposure to 140° Fahr. for 
five minutes. My opponents find it most convenient to take no notice 
of these experiments, though no one has as yet attempted to dispute 
their cogency. They prefer to talk vaguely, as though these experi- 
ments had never been made, and to adduce various theoretical reasons 
whose validity they do not attempt to test experimentally. To do 
this, indeed, would be a vain attempt, because they must be aware that 
such suppositions as they advance are opposed to generally-aceredited 
scientific doctrines, even if they have not already been specifically 
refuted. 

The suppositions principally dwelt upon may be ranged under 
three categories: 

(a.) It is assumed by some that the mere minuteness of the germs 
of Bacteria may serve to protect them from that destructive influence 
which heat exercises upon ving matter generally.’ This is an old 
objection entirely unsupported by facts, and those who dwell upon it 
may be reminded that it was unhesitatingly rejected by the former 
chief of their school, Spallanzani, who said, ‘Un raisonnement de cette 
sorte est absolument contraire 4 toutes les notions que nous avons du 
fen.” They may be further reminded that the writer’s own experi- 
ments absolutely meet this objection, since they refer to the death- 
point of invisible germs of Bacteria just as much as to the death-point 
of those which are visible.’ 

(b.) Others, without definitely committing themselves to the be 
lief that Bacteria-germs can resist the destructive influence of boiling 
water when they are immersed in it, affect to believe that some germs 
may have escaped its influence by being “ spurted ” out of the flnid on 
to the sides of the glass when the process of boiling commenced, 
How any such germs could escape the moistening and destructive 
intluence of the hot steam with which they would still be in contact 


1 Some of those who rely upon this supposed reason have resorted to direct at- 
tempts to ascertain the death-point of the germs of other organisms, although their 
results have been, in part, vitiated by the evaporation of the drop of fluid employed, 
so that the organisms were subsequently exposed to the higher degrees of heat in a dry 
state, 

® See “ Proceedings of Royal Society,” 1873, No. 148, p. 227. 
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these reasoners do not say, though some of them are cautious about 
openly suggesting an anteeedent and protective state of extreme 
desiccation in the face of Dr, Sanderson’s experiments proving that 
this would be in itself destructive. The futility of this reasoning has, 
however, been completely demonstrated by the fact that organisms 
will oceur just as freely under conditions where no such objection can 
be alleged, that is, when the vessel and its contents are heated by 
submergence in boiling water, after it has been hermetically sealed—a 
mode of heating that has been occasionally adopted by different ex- 
perimenters since the time of Spallanzani. 

(¢c.) The third objection raised is no less remarkable, owing to its 
being similarly brought forward as an unsupported supposition in 
-the face of much other evidence testifying to its nullity. When the 
writer’s earlier experiments were first recorded, the public was au- 
thoritatively told by Prof. Huxley that the results were unworthy 
of credence, because the fact that tons of meats and vegetables were 
annually preserved from putrefaction by a very similar process was 
in itself the strongest evidence that he had in some manner deceived 
himself. It was never suggested or thought of, therefore, at this time, 
that such moist meats and vegetables were incapable of being heated 
throngh, even when pounds of them were aggregated together. It 
was, in fact, implicitly said that they could be so heated, and the fact 
of the preservation of the meats and vegetables was itself deemed to 
be the best evidence that all germs contained in their interior had 
been killed. Now that the writer has demonstrated to unbelievers, 
and when others have ascertained -for themselves, that organisms are 
to be met with and that putrefaction will occur within almost airless 
and hermetically-sealed flasks whose contents have been previously 
boiled, the tactics of these unbelievers are entirely changed. Forget- 
ting altogether their previous objection upon which they relied so 
long as they doubted the writer’s facts, they now advance the inter- 
pretation of his results, which mnst carry with it its own stultification 
to the minds of those who have not entirely forgotten their previous 
position. The writer’s methods are declared to be faulty for not free- 
ing his infusions from all particles, however minute and however soft. 
The oracles now shake their heads, and talk with apparent learning 
about “the proteetive influence of lumps.” While heat was previ- 
ously supposed to be capable of operating as a germ-killer through 
pots of meats and vegetables, aud while it has been proved to act in 
the same way through tho thick and dry envelopes of seeds, now a 
pea or a minute particle of cheese, even thongh smaller than a pin’s 
head, is thought to exercise a “ protective influence ” over imaginary 
germs! Such pnerilities may safely be left to die a natural death, 
though it may be as well to remind those who trust to them, that, 
although they do not put their notions to the test of direct experiment, 
others have, for certain practieal reasons, had oecaston to do so, Dr. 
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Timothy Lewis, who has been for some time in Calcutta, carrying on, 
in coucert with Dr. D. Cunningham, important sanitary investigations, 
has, among other things, directed his attention to the vitality of tape- 
worm germs in cooked meat. Ile proved, first, that tape-worm germs 
are undoubtedly killed by exposure for five minutes to a temperature of 
135°-140° Fahr.; and then, with a view of ascertaining also how far 
they would be likely to experience such a temperature in the ordinary 
process of meat-cooking, he made other important observations having 
considerable interest for us. Dr. Lewis found that when legs of mut- 
ton had been put into the boiler almost as soon as the water, their 
central temperature averaged 140° Fahr. by the time the water around 
them had reached the boiling-point, and that, after the water had 
boiled for five minutes, the internal temperature of the legs of mutton 
which had remained in the boiler had on an average reached 170°, 
This is a practical method of dealing with the question which those 
skeptical dreamers who talk of the “protective influence of lumps” 
would do well to imitate. 

After this I may perhaps be deemed fully justified m quoting two 
yery typical experiments for the consideration of those who stave off 
their belief in the occurrence of “spontaneous generation” either by 
relying upon insufficient reasons for doubting the influence of boiling 
water, or beeause of their following Pasteur, Cohn, and others, in suppos- 
ing that certain peculiar Baeteria-germs are not killed except by a briet 
exposure to a heat of 227° or 230° Fahr. For, even if we could grant 
them these limits, of what avail would the concession be toward stay- 
ing off the dreaded admission of the occurrence of “spontaneous gene- 
ration,” in the face of such experiments as those which follow ? 

Exrrertent I.—A strong infusion of turnip was rendered faintly 
alkaline by liqnor potassz, and to this a few separate muscular fibres 
of a codfish were added. Some of this mixture was introduced into 
a flask of nearly two ounces’ capacity. Its neck was drawn out and 
afterward hermetically sealed by the blow-pipe flame, while the fluid 
within was boiling. When thus closed the flask was about half full 
of fluid, It was then introdnced into a digester which was gradually 
heated, and afterward kept at a temperature of 270-275° Fahr., for 
twenty minutes, though it seems also well to point out that, if we include 
the time taken for the water of the digester (in which the closed flask 
was immersed) to attain this heat, and also again to cool down to 
230° Fahr., this flask was exposed to temperatures above 230° Fahr. for 
one hour, as I myself carefully noted at the time. When withdrawn 
from the digester the closed flask was kept at a temperature of 70-80° 
Fahr. for eight weeks, and during part of this time it was exposed to 
the influence of direct sunlight. After it had been ascertained that 
the flask was free from all crack or fault, its neck was broken, in order 
that its contents might be examined. The reaction of the fluid was 
found to have beeome decidedly acid, and it had a sour though not 
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fetid odor, as though a fermentative process had been taking place in 
the solution, The fluid was very slightly turbid, and there was a well- 
marked sediment consisting of reddish-brown fragments, and of a light 
floceulent deposit. On microscopical examination the fragments were 
found to be portions of altered museular fibre, while the flocculent 
deposit was composed for the most part of granular aggregations of 
Bacteria, Yn the portions of fluid and of deposit which were exam- 
ined, there were thousands of Bacteria of most diverse shapes and 
sizes, either separate or aggregated into flakes. There were also a 
large number of monilated chains, of various lengths, of a kind very 
freqnently met with in abscesses and other situations, where pyemia 
or low typhoid states of the system exist, in the human subject. 
There were, in addition, a large number of Zorula corpuscles, as well 
as of brownish, nucleated, spore-like bodies, gradually increasing in 
size from mere specks, about gytggth up to gsyoth of an inch in di- 
ameter. Lastly, there was a small quantity of a mycelial Lungs fila- 
ment, bearing short lateral branches, most of which were capped by a 
single spore-like bedy. 

Exrrrm™gnt II.—A strong infusion of common eress (Lepidium 
sativum), to which a few of the leaves and stalks of the plant were 
added, was inclosed in an hermetically-sealed flask in the same way, 
heated in the digester at the same time (and therefore to the same 
temperature), and was subsequently exposed to the influenee of the 
same conditions as I have already mentioned in connection with the 
last. experiment. This flask was, however, opened one week later— 
that is, at the close of the ninth week after it had been heated in the 
digester to 270-275° Fahr. Before breaking the neck of the flask, the 
inbending of the glass under the blow-pipe flame showed that it was 
still hermetically sealed. The reaction of the fluid was found to be 
distinctly acid, though there was no notable odor. The fluid itself 
was tolerably clear and free from scum, but there was a dirty-looking 
floceulent sediment at the bottom of the flask, among the débris of 
the cress. On microscopical examination (with a ~,th “immersion” 
objective) much altered chlorophyll existed, either dispersed or ag- 
gregated among the other granular matter of the sediment, and 
among some of this three minute and delicate Protamcbe were seen, 
varying in form, and ereeping with moderately rapid, slug-like move- 
ments, They contained no nucleus, and presented only a few granules 
in their interior. In the same drop of fluid, and also in others sub- 
sequently examined, more than a dozen very active AMonads (gy/yyth 
of an inch in diameter) were seen, each provided with a long, rapidly- 
moving lash by which neighboring granules were freely knocked 
about. There were many smaller motionless and tailless spherules of 
different sizes, whose body substance presented a similar appearance 
to that of the Monads—and of which they were, in all probability, 
earlicr developmental forms. There were also several unjointed Pue- 
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teria, presenting most rapid progressive movements accompanied by 
quick axial rotations, Many Zorula corpuscles and other Lungus 
“ spores ” also existed, as well as portions of a mycelial filament con- 
taining equal segments of colorless protoplasm within its thin invest- 
ing membrane. 

A drop of the fluid containing several of these active Alonads was 
placed for about five minutes on a glass slip in a warm-water oven 
maintained at a temperature 140° Fahr, <All the movements of the 
Monads ceased from this time, and they never afterward showed any 
signs of life. 

These experimeuts are two of the most remarkable selected from 
several others in which even higher temperatures were originally had 
recourse to in order to free the finids and flasks generally from any 
thing like a trace of living matter. Nothing, that has yet been alleged 
by way of objection to the admission of “spontancous generation” as 
an every-day fact, at all affects such experiments as these. The 
shortest way out of the difliculty would therefore be to doubt the 
facts. I can assure the reader, however, that they are as time and 
just as reliable as those other results obtained when working with 
lower temperatures, which, though strongly disbelicved in at first, are 
now generally recognized as trustworthy. And, although these now 
accredited results abundantly suttice, in face of our present knowledge 
concerning the limits of vital resistance to heat, to establish the 
strongest probability of the occurrence of “spontaneous generation,” 
yet such experiments as those which I have now recorded even still 
further confirm this view, since it becomes incredible that, while all 
known forms of living matter with, which accurate experiment has 
been made inevitably perish at or about 140° Fahr., the particular 
examples of the same forms which appear within our scaled flasks 
have been able to survive a much longer exposure to 270°-275° Fahr. 
If this were true, then indeed would the cultivation of Science be a 
vain pursuit— uniformity,” in fact, must be postulated and granted, or 
Science with humbled and sorrowful crest must retire from the field. 


A word or two must be said in conclusion with reference to the 
interpretation which should be attached to such experiments as those 
just recorded. And this subject cannot be better introduced than by 
means of the following extract from the already-quoted and valuable 
paper by Prof. Jeffries Wyman. He says: “There can therefore be 
no certainty of the existence of spontaneous generation in a given 
solution, until it can be shown that this has been freed of all living 
organisms which it contained at the beginning of the experiment, 
and kept free of all such from without during the progress of it. On 
the other hand, this kind of generation becomes probable, whenever it 
is made certain that Infusoria are generated in solutions in which the 
conditions just mentioned have been complied with. We say prob- 
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able, because their appearance under such circumstances would not 
amount to a proof. The absolute proof of spontancous generation 
must come from the formation of living organisms ont of Morganie 
matter. If Infusoria are generated in solutions of organic matter, 
independently of spores or germs, the question nay be fairly raised 
whether we do not begin the experiment with materials in which life 
already exists, even though this material is not in the form of distinct 
organisms,” Now, these last few lines, as they at present stand, tend 
to conyey to the reader very erroneous impressions, aud yet T am 
aware that views of the same kind are very commonly expressed, and 
seem to exist in an inchoate or half-realized form in the minds of 
many distinguished persons, It is for this reason, and on account of 
the authority attaching to Prof. Wymau’s statements, that I am in- 
duced to take notice of this particular passage in order to attempt its 
rectification, 

In the first place, then, under the old term, “spontaneous genera- 
tion,” are included two processes quite distinct from one another— 
namely, HHeterogenesis and Archebiosis. With regard to Hetero- 
genesis, this is merely the opposite of Homogenesis: and the latter is 
the name for that mode of generation or reproduction among living 
things which is looked upon with most respect and which is most 
generally known. It is the process by which “like produces like,” 
that is, where the offspring grow into beings like their parents. In 
Heterogenesis, on the other hand, we have the birth of dissimilar 
products, the beginning of a new branch from a “life-tree,” in which 
the offspring have no tendency to assume the parental type. This 
oceurs, for Instance, where the protoplasmic matter of an animal or of 
a vegetal cell becomes modified and resolved into Bacteria. Tlere we 
have to do with the mere transformation of living matter. It can, 
therefore, only take place where living matter preéxists, And seeing 
that many, among whom J may especially mention Needham,’ Pouchet, 
and Trécul, have, both now and formerly, understood by the phrase 
spontaneous generation merely stich a process of metamorphoses of liv- 
ing matter as is implied by the term THeterogenesis, it is very misleading 
to say that “the absolute proof of spontaneous generation must come 
from the formation of living organisms out of inorganic matter.” 

It seems obvious, however, that, when Prof Wyman wrote this 
passage, he, forgetting the more common acceptation of the phrase 
“spontaneous generation,” must have used it in the same sense as I 
now employ the term Archebiosis—in the sense, that is, of life-origina- 
tion, But, even taking it in this sense, how far, we may ask, is Prof. 
Wyman justified in saying that its proof “ must come from the for- 
mation of living organisms out of inorganie matter ?” 

The statement is, in my opinion, one which cannot be logically 
entertained by a believer in the ordinary physical doctrines of life, and 


! See “The Beginnings of Life,” vol. i, pp. 246-252, and vol. ih, p. 187. 
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consequently should be professed by no consistent believer in Evolution. 
Those who do not assent to these doctrines would probably never be 
able to believe in Archebiosis at all—to the “ vitalist ” life is an im- 
naterial principle specially created, and therefore our flask experiments 
terminating in the birth of new organisms, if they carried with them 
any convictions at all, would simply be regarded by him as proving 
the oceurrence of Heterogenesis, This is the view to which a vitalist 
would be driven, if he had beeome eonvineed that no germs of Bae- 
teria, or of such organisms as are found in our flasks, could have 
survived the preliminary process of heating. Such a vague sort of 
position is not open, however, to those who believe in the now gen- 
erally-aecepted physical doctrines of life. They are bound to ree- 
ognize the undoubted distinetion which exists between mere dead 
organic matter and that organic matter which displays the phenomena 
of life. They should no more think of calling a body “living” which 
could not be made to display the characteristies of life, than they 
would eall a body “magnetic” when it would show none of the 
properties pertaining to magnetism, If they had learned, therefore, 
that living matter when exposed to heat of a certain intensity became 
lifeless matter, the proeess by whieh new living protoplasm comes into 
existenee among this dead organie material would be, for them, as 
much an instance of its new independent origin as if the process had 
occurred in the midst of mere inorganic elements. The term <Arche- 
biosis is therefore applicable to the process that must take place in 
our ordinary flask experiments where we have to do with dead organic 
matter, just as it is also applicable to those more primordial combina- 
tions which first gave birth to living protoplasm, The continued 
ocenrrence of an independent elemental “ origin” of living matter we 
are called upon to believe in at the present day, though the actual 
steps of the process by whieh it takes place are untortunately as com- 
pletely unknown to us as are the steps by which its “ growth” oecurs 
whether from organic or from inorganic materials.— Contemporary 
Review, 
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\ HEN the States-General of France were assembled for the last 
time at Versailles, after a long interval of inactivity, and an 
inaugural address was pronounced by the Bishop of Nancy, Mirabean 


1 Retiring Address before the American Association for the Advancement of Science, 
at the Hartford meeting, August 14, 1874, by the ex-president. 
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passed upon his performance the sweeping criticism that he had missed 
the grandest opportunity ever offered to man for saying something or 
holding his tongue. And, whenever this Association, comprising not 
only those who teach, but many who create seience, assembles, as it 
now does, to listen to the address of its retiring president, if he is duly 
sensible of his responsibility, he would gladly avail himself of Mira- 
beaw’s alternative, either of being equal to the oceasion or of being 
silent. But the rule of the Association, adopted in the original dratt 
of the constitution at Philadelphia, and the example of my predeces- 
sors which Jam unwilling to reverse, leave me no choice; and when 
I see around me, not the terrible monsters of the French Revolution, 
maddened by the miseries of a down-trodden country, but calm and 
high-minded lovers of truth, I fecl sure of a just and generous eriti- 
cism, Welcome, then, the precious opportunity, enjoyed by the presi- 
dent of this Association, of disenssing some of the great themes of sei- 
ence before an andience which has for its nucleus the original investi- 
gators, discoverers, and inventors in the country, and which, ike the 
sun, is surrounded by an extensive chromosphere only a little less brill- 
iant than the central body by contrast; and let my earnest endeavor 
be not to abuse or waste the great privilege. 

Tam confronted on the very threshold of my address by the donbt 
whether it were better to beat ont the little bit of golden thought, for 
which I have time and eapacity, into a thin leaf which shall merely 
gild the whole vast surface of scientific investigation, even for a single 
year, or to condense it into a solid though minute globule, only big 
enough and bright enough to light up some narrow specialty. The 
general practice which prevails, of selecting a president alternately 
from the two principal sections into which the Association is divided, 
will justify me in paying my particular addresses to the physical sci- 
ences, knowing that the large and active department of Natural Iis- 
tory will be properly treated in its turn by those most competent to 
do it. Not even the capacions mind of a Goethe, a Humboldt, a Whe- 
well, or a Herbert Spencer, is large enough to give a decent shelter to 
all the subjects which come within the scope of this Association, At 
the same time I must say that I sympathize with the remarks made by 
President Hunt at Indianapolis, when he questioned the propriety of 
excluding geology from the ranks of the physical sciences; only I 
would give them a still wider significance. Physieal scienee is dis- 
tinguished from natural history not so much by its subjects as its 
methods. In my imagination, I can picture to myself all these sub- 
jects as being handled in the saine masterly grasp of mechanies and 
mathematics by which the physical astronomer holds in his hands the 
history and the destiny of the solar system, What is only a dream or 
a faney now may become a reality to the science of the future. Why, 
asked Cuvier, may not natural history some day have its Newton, to 
whom the laws of cirenlation of the sap and the blood will be only as 
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the laws of Kepler? With such an indorser, I may venture to quote 
these words of a consummate mathematician without fear of their be- 
ing east aside by the naturalists as one of Bacon’s Idols of the Tribe: 
“An intelligence which at any given instant should know all the forces 
by which Nature is urged, and the respective situations of the beings 
of which Nature is composed, if, moreover, it were sufiiciently com- 
prehensive to subjeet these data to calculation, would include in the 
same formula the movements of the largest bodies of the universe and 
those of the slightest atom, Nothing would be uncertain to such an 
intelligence, and the future, no less than the past, would be present to 
its eyes.” The time has already come when a knowledge of physical 
laws and familiarity with the mstruments of physical research are in- 
dispensable to the naturalist. I would not recommend that dissipa- 
tion of intellectual energy which will make a man superficial in all 
the sciences but profound in none, But Helmholtz has established, 
by his own example, the possibility of being an eminent physiologist, 
and, at the same time, standing in the front rank of physicists and 
mathematicians. The restlessness of human inquiry will never be 
satisfied with knowing what things are, until it has also diseovered 
how and why they are, and all the relations of space, time, matter, and 
force, in all the kingdoms of Nature, have been worked out with math- 
ematical precision. 

It is a happy cireumstance in the history of science, that this vast 
mechanical problem did not rush upon the mind at once in all its 
erushing generality. The solar system, with a despotic sun at the 
centre, competent to overrnle all insubordination among planets and 
comets, and check all eceentricities and jealousies, and so far isolated 
from neighboring systems as to fear nothing from foreign interfer- 
ences and entangling alliances, presented a comparatively simple 
problem ; and yet the skill and labor of many generations of mathe- 
maticians have not yet closed up the argument upon this first case. 
On the orbits of this domestic system they have been sharpening their 
tools for higher and more delicate work. The motions of binary stars 
have also been brought nnder dynamical Jaws, and partially subjected 
to the rule of gravitation, so far as the astronomer can judge from the 
best observations which he can make npon those remote objects. But 
when he launches out, with his instruments and his formulas, into clus- 
ters of stars, even those of greatest symmetry, he is wholly at sea, with- 
out chart or compass or ight-house, and with no other illumination than 
that which comes from a prophetic demonstration in Newton’s “ Prin- 
cipia.” The mathematician has here to treat, not with an ww limited 
monarehy, as in the solar system, but with a republic of equal stars, 
and the dynamical condition of the clusters is involved in all the ob- 
security of molecular mechanies ; for it matters not whether the indi- 
vidual members of a system are atoms or worlds, if the intervening 
spaces have corresponding magnitudes. Even in astronomy, the in- 
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spiration of mechanics and the pride of mathematics, how trifling is 
the region which has been subjugated to the rigid rules of the exact 
sciences when compared with the immense territories which remain 
under the jurisdietion of natural history, and must be studied, if at 
ul, by the methods of the naturalist, though with an inverted micro- 
scope ! 

If, now, we cireumscribe our outlook by the line which marks where 
physical science ends and natural history begins, it will be possible to 
examine only a few of the salient points in the prospect before us ; 
and what these are will depend upon the point of view which we 
select. Whewell presents the history of any science at each of its 
successive epochs as circulating around one powerful mind, which 
figures as the hero of the drama, and whatever immediately precedes 
or follows is only the prelude or the closing strain to the great move- 
ment. In the philosophy of Comte, every science passes through a 
theological and metaphysical crisis before it reaches the healthy con- 
dition of positive knowledge, and its whole history is written out by 
him in these three acts. With Buekle, the progress of science, with- 
out which there could be no history, is coincident with the advance 
in civilization; but the action begins with science, and the reaction 
only comes from external causes. All that science and civilization 
demand is perfect freedom of thought. The worst enemy of both is 
the protective spirit in church and state, the former telling men what 
they must helteve, the latter what they must do. 

Each of these views of scientific development may be true, but not 
to the exclusion of all others. Metaphysical blindness or theologi- 
eal prejudice may block the way of science or defame its fair name. 
It has been stated that six members of the ultra-clerical party at Ver- 
sailles voted against the appropriation for securing observations of 
the approaching transit of Venus, because they did not believe in the 
Copernican system, aud this, too, while the echoes of the celebration 
of the four-hundredth birthday of Copernicus are still resounding over 
the earth! So, also, circumstances, and even accidents, may shape the 
course of discovery ; the happiest of all accidents, however, being the 
appearance on the stage of the discoverer himself. 

The point of view which I have chosen for reviewing the close and 
advancing columns of the physical sciences is this: Are there any im- 
provements in the weapons of attack, or have any additions been made 
to them? ‘These are of two kinds: 1. Instruments for experiment, and 
2. The logie of mathematics, These are the lighter and the heavier 
artillery in this peaceful service. 

If we cast a hurried glance over that long period of experimental 
research which began with Galileo and ended with Davy, we recog- 
nize, as the chief instrumentalities by which physical science has been 
promoted, the telescope, the microscope, the pendulum, the balance, 
and the voltaic battery. It is not necessary for me to enlarge upon 
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the strength and aceuracy which the battery and the balance have 
given to chemistry, or on the stretch and prectsion of vision which the 
telescope and microscope have bestowed on astronomy and physics. 
These instruments, the veterans of many a hard-fought battle, science 
still enjoys; not superannnated hy their long service, but continually 
growing in power and usefulness. The little opera-glass with which 
Galileo first lifted the veil from the skies and awoke the thunders of 
the Vatican, has blossomed out into the magnificent refractors of Cam- 
bridge, Chicago, and Washington. The little refleetor with which 
Newton, by a happy mistake, expeeted to supplant the lens, has 
grown into the colossal telescopes of Herschel, Rosse, and the Mel- 
bourne Observatory. The spasmodic, momentary action of Davy’s 
batteries, sufficient, however, to inaugurate a new era in chemistry, 
has been superseded by constant eurrents, whieh grumble not at ten 
hows a day. After lighting up the forelands of a continent during 
the night, they are fresh to work an ocean-telegraph the next morn- 
ing. With all my wonder at this mysterious instrument, which serves 
so faithfully the cause of science and civilization, with renewed ad- 
miration of the microscope and the telescope, one of whieh transforms 
an invisible speck of matter into a universe, and the other eolleets the 
immensity of the heavens into a little celestial globe upon the retina 
of the eye, I must pause fora moment to eulogize that simplest and 
most modest of scientifie tools, the pendulum. 

With the eye of science Galileo saw in the leaning Campanile at 
Pisa, not a freak of architecture, but the opportunity of experimenting 
on the laws of falling bodies; and, in the adjacent cathedral where 
others admired the marble pavement or the vaulted roof, the columns, 
statues, and paintings, his attention was caught by the isochrononus 
vibrations of the chandelier, which during the long centuries has never 
been absolutely at rest. When it is said that the penduluin has no 
rival as a standard of length except the metre, that it furnishes an 
exact measure of time, and that time is an indispensable element in 
the study of all motion, and also the most ayailable means of obtain- 
ing longitude on the earth and right ascension in the heavens, a strong 
case has been made out for the practical and seientitic usefulness of 
Galileo’s discovery. During the long years of doubt in regard to the 
true figure of the earth, the pendulum maintained the cause of New- 
ton in opposition to the erroneous reports of the geodesists, until Mau- 
pertuis, by a new measurement, flattened, as has been pitinly said, the 
earth and the Cassinis at the same time. The shape, rotation, and 
density of the earth; the dimimution of terrestrial gravity with an 
increase of distance from the centre; the local attractions of moun- 
tains, and secrets hidden below the surface of the planet, have been 
discovered or verified by the declarations of the pendulum, which, 
whether in motion or at rest, has never tired of serving science. And, 
in a wider sense, the pendulum has done for the eleetrie and maguetic 
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forces what, in its restricted meaning, it did for gravity. That which 
Borda failed of accomplishing in the measurement of ares, the pendu- 
lum realizes in its measnrement of time: it multiplies its observations, 
climinates its own errors, strikes its own average, and presents to sci- 
ence the perfect result. In 1851 a crowd of spectators were assembled 
in the Pantheon of Paris to witness the first performance by the pen- 
dulum of the new part prepared for it by Foucault, in which, obe- 
dient to its own inertia, and indifferent to the earth’s rotation, it pre- 
serves the parallelism of its motion—an experiment startling, though 
not wholly unauticipated, and which has made a circuit of the earth. 
The new contrivance of Zéllner promises to indicate changes in the 
direction of a foree as accurately as the common pendulum measures 
intensity. 

Let us now consider what the physicists of our own day, and their 
immediate predecessors, have added to their rich inheritance of in- 
strumental means, remembering all the time that, however impressive 
from their novelty these additions may be, and however manifold their 
applications, they have only supplemented the experimental methods 
which have been described withont supplanting them. For the most 
part, the later devices would be useless withont the coUperation of the 
earlier ones, 

An interesting event in the history of science, which must be known 
to many of you, has taken place during the cnrrent year. In 1824, 
Poggendorf® began to edit the Annalen der Chemie und der Physik. 
Under his supervision 150 volumes have been issued, containing 8,850 
distinct communications from 2,167 different anthors, the 193 papers 
of II. Rose outnumbering those of any other contributor, The his- 
tory of physical and chemical discovery during the last fifty years 
might be written out of the materials treasured up in this single jour- 
nal, In recognition of the signal service which Poggendortf has 
hereby rendered to science, his friends assumed the editorship of one 
yolume in 1874, which is called the Jubilee volume (Jubelband), 

In 1826, Poggendorff described, in Volume VII. of his journal, a 
device of his own invention for observing with exceeding nicety the 
movements of a magnetized bar. A mirror was attached to the bar 
and moved with it. From this mirror a beam of light was reflected 
into a theodolite. This was the origin of the happy thonght of am- 
plifying a trifling motion by making the finger of a long and delicate 
ray of light serve as a weightless pointer, <A few years later, this 
idea was embodied by the mathematician, Gauss, in an instrument 
which he called the magnetometer. Since that time it has been con- 
tinnally budding ont in new applications, scientific and practical. I 
need only recall to your recollection the beantiful method of Lissajous 
for compounding the vibrations of tuning-forks, and tracing in golden 
lines the eurves which are characteristic of different mnsical intervals 
and varied phases of vibration. A. new chapter has been opened in 


PROFESSOR LOVERING’S ADDRESS. 203 


mechanies for describing and explaining these strange and nameless 
curves ; and, in acoustics, the ear has been dispossessed by the eye of 
what would seem to be its own by right divine, and it is no longer the 
best scientific judge of sounds. By new devices Koenig has trans- 
lated time into space, and made visible the individual vibrations of 
the invisible air; and, in numerous ways, the mechanism of sonnd is 
as real to the eye as the sensation is to the ear, 

With a bare allusion to the faet that every message which passes 
over the cable-telegraph is a tribute of indebtedness to the simple but 
comprehensive method of Poggendorff, I pass to two other cases of 
great difficulty and wide significance in which the same method has 
triumphed, I refer to the determination of the veloeity of cleetricity 
and the veloeity of light. 

When Wheatstone devised and exeented the ingenious experiment 
of producing three electrieal sparks, not strietly at the same instant, 
but after the brief interval required by electricity to travel over one- 
quarter of a mile of copper wire, and then observing, not the sparks 
themselves, but their images, as seen in a mirror revolving with the 
prodigious volocity of 800 turns in a single second, and from the pro- 
longation and relative displacement of these images deducing the ve- 
locity of electricity, the duration of the electrical light, and the duality 
in the direetion of the transmitted disturbanee, he delighted the 
brotherhood of seience by the skill and boldness of his attempt, and 
astonished it by the extravagance of his results. For twenty years no 
one ventured to repeat the dificult experiment. When it was finally 
tried by Feddersen, and more reeently by our own associate, Rood, 
the values which they assigned to the duration of the electrical light, 
and which could not be challenged, made still the wonder grow. So 
far as this mode of experimenting concerns the velocity of clectricity, 
Wheatstone stands alone, aud his estimate of this velocity (the largest 
known velocity in the universe unless we count in the velocity of 
gravitation) has never been brought to a seeond trial. Indirectly, it 
has been tested by some of the operations conducted upon land and 
ocean lines of telegraph. When the local times of two places are com- 
pared by means of electro-magnetic signals, sent alternately in opposite 
directions, the differenee of longitude and the transmission-time of 
electricity can be disentangled from one another, by the strategy of 
mathematics, and the most probable value computed for each. The 
velocity whieh has been caleulated from these longitude-campaigns 
falls far below that eredited to Wheatstone. The apparent discrepaney 
is explained by a misinterpretation of Wheatstone’s experiment, An 
experiment which proves that electricity runs through one-quarter of a 
mile of wire a¢ the rate of 288,000 miles a second, does not justify the 
inference that it would move over 288,000 milesin one second, Anom- 
alous as the ease may be, electricity has no velocity in the ordinary 
sense. The transmission-time of the eleetrical disturbance is propor- 


204 THE POPULAR SCIENCH MONTHLY, 


tioned to the square of the distance to be traveled. Therefore, the 
velocity has no constant fixed value, but varies with the length of the 
journey. This law, which is deduced from the mathematical theory of 
Ohm, introduces order among the experiments, where, otherwise, there 
would be chaos. It is not surprising that Wheatstone and the readers 
whom he addressed were misled by the original facts, Few men who 
have rendered signal services to science, and who have finally reached 
the highest pinnacle of fame, have suffered more from poverty and 
neglect, and waited longer for a recognition of their merits, than the 
modest student of Nuremberg. The slender volume which will per- 
petuate his name was indeed published at Berlin in 1827, and ante- 
dates Wheatstone’s experiments by seven years. But the book was 
treated with contempt by a minister of state, to whom Ohm presented 
a copy, at his University of Cologne, and was first brought to the 
notice of English readers in 1841, when an English translation of it 
was effected through the agency of the British Association, and the 
Copley medal was presented to Ohm by the Royal Society of London, 
As late as 1860, when the same work was rendered into French, the 
translator admits that the mathematical theory of Ohm on the galvanic 
cirenit, the elements of which have since rapidly cireulated in popular 
text-books, was almost unknown in France, that high seat of science. 
If the serene but steady hght of mathematics had not been dimmed 
by the blaze of experimental successes, and the teachings of Ohm had 
been heeded sooner, the science of electricity would have been the 
gainer, and the men of science would have been saved the mortifica- 
tion of treating the electro-magnetic telegraph as an impracticability. 
When Wheatstone was a candidate to fill a vacaney in the cor- 
responding members of the French Institute, it was objected that he 
had only made a brilhant experiment, but had not discovered a new 
principle. Arago came to his reseue, and asserted that he had intro- 
duced a powerful and fertile method of experimentation which would 
be felt in other sciences besides electricity. The French physicist lost 
no time in devising means for making good these claims, If it could 
be proved experimentally that the veloeity of light was greater in air 
than in water, a capital fact in the contending theories of light would 
be settled forever. Arago planned the experiment and pressed its 
feasibility upon the Academy of Sciences with all the power and elo- 
quence of his nature. At last he roused two younger physicists to 
undertake what his growing infirmities prevented him from doing 
with his own hands, The result declared in favor of undulations, and 
a fatal blow was dealt to the corpuscular theory of light which had 
vexed science since the days of Newton. If Fizeau and Foueault 
drew their inspiration from Arago, they owed their success to nothing 
except their own skill in devising and executing, Having tried the 
temper of their steel on this easier problem, they were ready for the 
grand attack, which was, to measure the absolute velocity of light. 
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The instrumental arrangements of these two experimentalists 
agreed only in the part which each borrowed from Poggendorft; the 
details differed so widely as to give to whatever agreement might ap- 
pear in their results the toree of an irresistible argument for their 
aceuracy. The velocity of light, as found by Fizean in 1849 by the 
artificial eclipses which the teeth of his revolving wheel produced, 
exceeds by about six per cent. the velocity which Foucault obtained, 
in 1862, with the moving mirror. The arithmetical mean of the two 
values comes very close to the astronomer’s estimate of the velocity 
of light. But this simple average is precluded unless it ean be proved 
that the two experiments are entitled to equal weight. The internal 
evidence, expressed by what mathematicians call the probable error, 
manifested a decisive preference for Foucault’s result, and it has met 
with general aceeptanee. The soundness of the scientific judgment in 
this case has been placed beyond all eavil by Cornu, who has recently 
repeated Fizeau’s experiment, with additional precautions, and re- 
solved the discord into a marvelous accord. Fizeaws experiment, in 
spite of the uumerieal defect, was hailed as one of the grandest 
triumphs of experimental skill. In 1856 he received the prize of 
30,000 franes which the Emperor of France had founded, to be given 
for the work or the diseovery which, in the opinion of the five acade- 
mies of the Institute, has conferred the greatest honor and service 
upon the nation, Hitherto, it had been supposed that nothing short 
of an interstellar or an interplanetary space was a match for the 
enormous velocity of light. Aud yet one physicist, by using a distance 
of less than six miles, and another, without going outside of his labo- 
ratory, have discovered what astronomers had searched heaven and 
earth to find out. 

By these eapital experiments the science of opties has achieved its 
own independence. Let us see what they bave done, at the same 
time, for astronomy. The sequences in the eclipses of Jupiter’s moons 
are modified by the velocity of light. The aberratiou of starlight is a 
measure of the ratio between the velocity of light and the velocity of 
the earth. For nearly two centuries our knowledge of the velocity of 
light leaned upon one or the other of these relations. If the velocity 
of light can be known from experiment, the problem may be reversed 
and the distance of the sun given to the astronomer. As soon as it 
appeared that Foucault’s estimate of the velocity of light fell short 
of the astronomical valuation by about three per cent., it was certain 
that either the experiment was in error, or the received aberration 
was too small, or the reputed distance of the sun was too large. An 
error of three per cent. in the experiment or in the aberration was 
inadmissible. But it was coneeivable that the distance of the sun 
should be at fant, even to this extent. The popular announcement 
that Foneanlt had picked a flaw in the astronomer’s work was not 
correct. Astronomers had always known what those who pinned 
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their scientific faith on text-books did not expeet—that the problem 
of finding the sun’s distance was an exceedingly delicate case, and 
that an ominous cloud of uncertainty hung over their wisest con- 
clusions. Whenever it is possible to interrogate Nature in more ways 
than one, Seience is not satisfied with a single answer, nor with all the 
answers unless they agree. The transit of Venus, the parallax of Mars, 
and the tables of the moon, each ean tell the sun’s distance. But 
their testimony was contradictory, and neither one at all times repeated 
the same story. The question was, which to believe. Since 1824, 
when Encke published his exhaustive computations on the last tran- 
sits of Venus, the distance which they assigned to the sun has been 
acquiesced in as the most probable. But the moon, as has been said, 
has always been a thorn in the sides of mathematicians. While prac- 
tical and theoretical astronomers have been reducing its motions to 
stricter discipline, the suspicion has been steadily gaining strength in 
their minds that the distance adopted from the transits was too large. 
The effect of Foucault’s experiment was, to intensify the doubt. The 
case of the twin transits of the last century, thought to have been 
closed forever by Encke, has recently been opened again by the as- 
tronomer Stone. When Venus has nearly entered upon the sun, the 
moment of interior contact is preluded by the formation of a slender 
ligature (called the black drop) between the nearest parts of the two 
disks—eansed, perhaps, by irradiation. One observer has recorded 
the time when this ligature began, another the time when it was 
broken. In working up the observations of the last transits, both 
classes were not combined indiscriminately. Mr. Stone has re- 
examined the documents, classified differently the materials, and ex- 
tracted from them two new and independent values for the sun's 
parallax. The reconciliation which he has suddenly brought about 
between the experiments of Cornu and Foneault, the motions of the 
moon, and the transits of Venus, is as perfect as it is surprising. 
Nevertheless, the approaching transits of Venus, the earliest of which 
is close upon us, will be welcomed, if not as the only possible way of 
solving a hard problem, at least for the confirmation which is demanded 
by a solution already reached; for able astronomers have dissented 
from the interpretation put upon the records by Stone. The minds of 
observers have been prepared for what their eyes are to see, ii Decem- 
ber, 1874, by the experimental rehearsal of the black drop, and the 
photographer’s box will arrest the planet in the very act. 

The consequences of Foucault’s experiment, substantiated as it 
may be by the best astronomical evidence, are as far-reaching as the 
remotest stars aud nebule, The sun’s distance is the astronomer’s 
metre, through which masses, diameters, and distances, are propor- 
tioned out to planets, comets, and stars. If the sun’s distance is cut 
down by three per cent., there must be a general contraction in all 
the physical constants of the universe. The earth only is immediately 
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exempt from this liability. But, if, as modern science teaches, the 
earth lives only by the triple radiation from the sun, then an earlier 
doom has been written for the earth also. Geology is no longer 
allowed to ent its garment from the past duration of unlimited extent. 
The numerical estimates of physical scienec, with a large margin of 
uncertainty, assign limits between which alone geology has tree play. 
Whatever tends to reduce or enlarge those limits must be of interest 
to the geologist as well as to the astronomer. 

This is the brilliant career, in electricity, optics, astronomy, and 
geology,.of the little mirror, cradled in the laboratory of Poggendorff, 
and which has not yet seen its fiftieth birthday. 

In making this exhibit of the instrumental appliances of modern 
physics, I will simply name the polariscope, the stereoscope, and the 
instruments in photography, and hurry on to the spectroscope. 

The steps by which the spectroscope has attained its preéminent 
rank among the instruments of the physicist and the astronomer were 
taken at long intervals. A whole century intervened between New- 
ton’s experiments with the prism and Wollaston’s improvement. The 
substitution of a long and narrow slit for the round hole in the window- 
shutter was enough to reveal the presence of the two boldest dark 
lines in the solar spectrum, Wollaston stood on the threshold of a 
rich development in science, but neither he nor his compecrs were 
ready for it, and what he saw, novel as it was, attracted little atten- 
tion. Spectrum analysis, in relation to light itself, began when Franen- 
hofer published, in 1817, in the memoirs of the Bavarian Academy, an 
acconnt of his experiments on the direct and reflected rays of the sun, 
on starlight, and various artificial sources of light, dispersing the 
rays by prisms of fine Munich glass and then receiving them into a 
theodolite, Franenhofer repeated some of his experiments in the 
presence of the yonngcr Herschel, but for many years he had the field 
wholly to himself A paper by Herschel on the colors of artificial 
flames acquires a new interest from what has been done more recently, 
Between 1830 and 1860, numerous physicists, among whom are the 
well-known names of Brewster, Miller, Wheatstone, Powell, Stokes, 
Gladstone, Becquerel, Masson, Van der Willigen, Pliicker, and Ang- 
strom, were at work upon the facts connected with the emission of 
light by incandescent bodies and its absorption by gases and vapors, 
As early as 1830, Simms had placed a lens in front of the prism, with 
the slit in the foens, and another lens behind the prism to form an 
image of the slit. 

The first hint of that pregnant fact, the reversal of the bright spec- 
trnm-bands of flames, came from Foneault in 1849. Ilis experiment 
was repeated at Paris, in 1850, in the presence of Sir William Thom- 
son. It was reserved for a young physicist of Heidelberg, who was 
not born until seven years after Frauenhofer laid the foundations, to 
place the keystone upon the structure on which many hands had 
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labored, by demonstrating, in 1860, the law which is the theoretical 
basis of the chemistry of the heavens. Kirehhoff, with admirable 
frankness, is careful to say that this law had been anticipated by 
others, expecially by Angstrém and Balfour Stewart, although it had 
not been sharply stated or severely proved. It is a singular fact that 
the mechanical explanation of the law, as it has been expounded by 
Kirchhoff, Angstrém, aud Stokes, was partially enunciated one hun- 
dred years ago by the mathematician Euler, when he said that every 
substance absorbs ight of the special wave-length which corresponds 
to the vibration of its smallest particles. The 11th of July, 1861, will 
be ever memorable in the history of science as being the day on which 
Magnus read, before the Berlin Academy, Kirehhoff’s memoir on the 
chemical constitution of the suu’s atmosphere, and the existence in it 
of familiar substances found upon the earth, Speedily, speetroscopes 
were multiplied, modified, and improved, and became indispensable 
auxiliaries in the workshop, the laboratory, and the observatory. It 
is not necessary to enlarge upon what this instrument has done for 
common chemistry, in hunting out the minutest traces of common 
substances and detecting uew ones. The physician, the physiologist, 
the zodlogist, the botanist, and the technologist, have shared with the 
chemist and the physicist the services of this powerful analyst. But 
it is the highest prerogative of the speetroseope to be able to make a 
chemical analysis of celestial bodies, upon the single condition that 
they give to it their Hght. Polarization can only say whether any 
portion of this light is reflected. The motions which the telescope 
uncovers may decide in favor of a central attraction, but it is sileut 
as to the intensity of this attraction unless the moving body belongs 
to the solar system. The universality of a gravitation may be proved, 
but not the universality of the very gravitation which pervades our 
own system, except by an argument from analogy. We see that one 
star differs from another star in glory. But what the other differences 
or resemblances are we know not, without the spectroscope. ITence- 
forth astronomy possesses a new instrument of discovery, and also a 
new tribunal to which all speculations about the sun and the stars, 
the aurora and the zodiacal light, the meteors and the eomets, must be 
brought and by which they must be judged. 

T leave it to the naturalists to assign a value to the alleged antici- 
pations of Darwin by the geometer Maupertuis, who was said to lave 
died just before he was going to make monkeys talk. The whims and 
conceit of Lord Monboddo are not worthy of notice. Lamarck began 
life as a soldier, was a meteorologist as far and as long as Napoleon 
would allow him to be; perhaps he was a botanist from choice, but 
he was nade a zodlogist, in spite of himself, by the revolutionary Con- 
vention. Ile was as brave in science as in war; but he expected to 
ereate it, by a simple effort of thought. Waving demolished the mod- 
ern chemistry, he turned his iconoclastic zeal into natural history. 
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His philosophy of zodlogy was published a few years after the eos- 
mogony of Laplace; in which the mathematician broaches the theory 
of evolution as a mechanical doctrine, capable of explaining certain 
characteristics of the solar system, about which the law of gravitation 
is silent. Whoever reads the stately chapters of Laplace, on the sta- 
bility of the planets and the safeguards of the comets, will easily reeog- 
nize expressions which are the mechanical equivalents of the princi- 
ples of natural seleetion and the survival of the fittest. The elder 
Herschel hazarded the speculation that the clusters of stars and the 
nebule which his devonring telescope had picked up, by hundreds, on 
the verge of the visible heavens, were genuine suns assembled under 
the organizing power of gravitation; and that the varieties in size, 
shape, and texture, were produced by difterences of age and distance, 
The imagination of Herschel and other astronomers has taken a loftier 
Hight. Yo them many of the nebule are not elusters of stars, but 
unborn solar systems, waiting for that consolidation by which planets 
are evolved and a central sun is formed, and destined thns to repeat 
the cosmogony of the home system. Comte claims that he has raised 
the nebular hypothesis to the rank of positive scienee. Ile suppeoses 
the stupendous enginery of evolution to be reversed. Ie follows, with 
his mathematics, the expanding sun backward into chaos, until it has 
absorbed into its bosom even the first-born among the planets, and 
finds, at every stage, numerical confirmation of what Laplace threw 
out as a plausible conjecture. As Mr. Mill and other writers of note 
have accepted this authority, it should be understood that Comte has 
never published the data or the process of his computations. By what- 
ever other inspiration he arrived at his conclusion, he was not brought 
to it by his mathematics. Te has said all that is necessary to show 
that he ignored all the difficulties of the problem, and dodged the only 
solution that could give satisfaction. The cosmogony of Laplace, with 
all its fascination, must be exeluded from exact mechanies and re- 
manded back to its original place in natural history, by the side of the 
more general nebular hypothesis of Herschel. All other cosmogo- 
nies which poetry or science have invented are childish in comparison 
with this; and no one would desire to banish it from science alto- 
gether, until it is disproved or displaced by.something better. In- 
stead of deciding, it must share the fate of the all-embracing cosmica] 
speculation of Halley. How uncertain that fate is we may be tanght 
by the frequeney with which the preponderance of evidence has shifted 
from one side to the other, during the last fifty years. The irresolva- 
bility of many of the nebulw, by powerful telescopes, led Herschel to 
espouse the cause of a diffuse primeval matter, out of which worlds 
were fashioned. No wonder that, in particular cases, the negative 
evidence was sometimes turned into positive evidence on the other 
side, by improvements in telescopes. Although every nebula which 
deserted from the nebular hypothesis strengthened the suspicion that 
VoL. ¥i—14 
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the remaining irresolvability was purely optical, a sufficient amount 
of negative evidence would probably have always existed to create 
more than a dowbt in the minds of many astronomers. On the dis- 
covery of spectrum analysis, observers rallied around it, in the hope 
of finding an escape from the dilemma; and this new hope has not 
been disappointed, The continuous spectra of some nebule prove 
them to be suns, enveloped in more or less of atmosphere. The 
broken spectra of other nebule show that they are in the condition 
of an incandescent gas. The classification which the spectroscope 
makes of the nebule corresponds so well with their telescopic appear- 
ance as to justify the confidence which one class of astronomers had 
in their way of deciding on the truth of the nebular hypothesis. 
While the spectroscope has manifested varieties of material, color, 
temperature, and consolidation in nebule and stars, both single and 
composite, beyond any thing which the perfected telescope could ever 
have revealed, it has at the same time found enough of earth in all of 
them to make man feel at home anywhere in the visible universe. 
The fact that certain well-known substances on this planet pass eur- 
rent everywhere in Nature, leads irresistibly to the conclusion that all 
the specimens came originally from the same mint. It is the legiti- 
mate office of science to reduce the more complex to the simple ; to 
explain, if possible, the existing state of matter by an anterior state. 
The nebular hypothesis, which attempts to do this, no longer starts 
from a conjecture but a reality, viz., the existence of diffused incan- 
deseent vapor; and science will hold on to it, until a better theory of 
mechanical development is found. 

An interesting question, which has waited thousands of years even 
to be asked, and may wait still longer for an all-snfficient answer, re- 
lates to the motion of what were once called the fixed stars. If num- 
bers count for any thing, this is the grandest problem which ean be 
presented to the mind of the astronomer. The argument from prob- 
abilities, which reposes on a substantial mathematical foundation, is 
loud in affirming some kind of motion, and repudiates the notion of 
absolute rest. We must place the stars outside the pale of science, 
and where no process of reasoning ean reach them, or we must sup- 
pose that they subscribe to the universal law of all matter which we 
know, and exert attractive or repulsive forces upon each other. There 
may be one solitary body, or more probably an ideal point of space, 
the centre of gravity of the inaterial universe, around which there is 
equilibrium, but everywhere else there inust be motion. Though 
distance may reduce the effect of each one of the forces to a minimum, 
in the aggregate their influence will not be insignificant. The sun 
must share the common lot of the stars unless we repeat the folly of 
ancestral science, at which we now smile, and transfer the throne of 
the heaven of matter from the earth to the centre of our own little 
system. If the sun move, a new order of parallactic motion springs 
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up in sidereal astronomy. The process of elimination requires the 
mathematician to caleulate the direction and velocity of the motion 
of the sun which will leave behind it the smallest unexplained residu- 
um; and this remainder is the motion of the stars themselves. The 
delicacy of the problem lies in the minuteness of the quantities to be 
observed, and in the assumptions which must be made in regard to 
the distances of the stars, only a few of which have been positively 
computed from parallax, Lowever, a result has been reached, highly 
probable in the sun’s case, but which eau be converted into absolute 
values for other stars only so fast as their individual distances are dis- 
covered. ere, again, physics aud chemistry, with the spectroscope in 
hand, have come to the aid of astronomy and geometry, Sbould it 
appear that the conclusions from spectrum analysis must be ques- 
tioned, the attempt was brave, and even a defeat would be honorable. 

In 1675 a Danish astronomer observed the novel fact that the fre- 
quency in the eclipses of Jupiter’s satellites fluctuated with the motion 
of the planet to or from the earth, He hit upon a happy explanation, 
viz., that the swift light takes more or less time to telegraph the as- 
tronomical news across the omnipresent lines of force. This early 
observation is the avané-coureur of a host of others which have slowly 
followed in close array. That of a blind musician comes next, We 
noticed, in 1835, that the pitch of a steam-whistle, on the Lowell Rail- 
road, fell suddenly as the locomotive passed him. Unfortunately, 
Munroe’s observation was never published, although he sought and 
found an explanation of what was then a strange fact. In this case, 
the whistle sends the message, the waves of sound transinit it, and the 
ear is the register; but the changing distance modities the time, In 
1842, Doppler, of Prague, was led, by theoretical considerations, to for- 
mukite the proposition, now known in scienee as Doppler’s principle : 
that the color of light and the pitch of sound, as they tell upon the 
senses, are changed by the relative velocity of the observer and the 
origin of the disturbance. In 1845, Buy Ballot made experiments 
upon the railroads in the Netherlands, and Seott Russell repeated 
them on English railroads, which eoufirmed the theory in the case of 
sound. In the application of the theory to color, few astronomers 
will be willing to follow Doppler in all his extravagances. 

If it be true, theoretically, that the relative velocity of light, the 
wave-length of transmission, and the period of oscillation in the ether, 
are altered by the relative motion of the observer and the place from 
whieh the undulation starts, it is obvious that all other velocities have 
but a small chance in competition with the velocity of light, and that 
slight changes of color, if physically real as Doppler supposed, would 
fail of being recognized even by the eye of a painter. To interpose 
the spectroscope, and observe the change of refrangibility by the dis- 
placement of the sharp lines of the spectrum, was a lucky escape from 
this embarrassment. After Huggins had tried his hand at this new 
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method, with a small telescope, upon the brightest of all the stars, he 
was supplied by the Royal Society of London with a larger instru- 
ment to pursue the investigation, The results of his spectroscopic 
inquiry into the motions of many stars have been published, Where 
these results have contlicted with the foregone conclusions of astron- 
omy, Huggins has not hesitated to arraign the acenracy of astronomi- 
eal data and methods. Ihave freely admitted the delicacy and diffi- 
culty of the geometrical process. The spectroscopic analysis, when 
applied to the same problem, walks upon shppery ground and must 
take heed lest it also fall, The alleged displacement is a nice quan- 
tity, and instrumental sources of error have been pointed out which 
may explain away the whole of it. I lay no stress upon the large dif- 
ference between Vogel and [Huggins in the guentity of motion which 
spectrum analysis ascribes to Sirius, inasmuch as the direction of the 
motion is the same. We do not yet know all the elements which the 
earth contains. The spectroscope has already added fonr to the num- 
ber. There is reason to think that the stars, though having some sub- 
stances in common with the earth and sun, are not without their pecn- 
liarities. The lines in the stellar spectra may be out of position, not 
becanse they are the displaced lines of sodium, magnesium, and hy- 
drogen, but in consequence of novelties in the gaseous atmospheres 
of the stars. Still, there will be a presumption, perhaps a probability, 
in favor of Huggins’s deduction, if it rests on a sound basis of theory. 
If there is any weakness in the physical and mathematical foundation 
of his argument, gratifying as it is to the imagination and the aspira- 
tions of science, the whole superstructure must fall. 


* 


THE EARLY STUDY OF GEOGRAPIY: 
By Masor WILSON. 


EFORE concluding this portion of my address, I would draw 
your attention to the appliances used in the minor schools of 

this country for teaching geography, as they would seem to need some 
improvement. ‘The appliances to which I allude are models or relief 
maps, wall maps, atlases, and globes. The use of models as a means 
of conveying geographical instruction has been too much neglected in 
our schools. If any one considers the difficulty a pupil has in under- 
standing the drawing of a steam-engine, and the ease with which he 
grasps the meaning of the working model, and how from studying the 
model and comparing it with the drawing he gradually learns to com- 
prehend the latter, he will see that a model of ground may he used in 


* From the Opening Address of the President of the Geographical Section of the Brit- 
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a similar manner to teach the reading of a map of the same area. 
Relief maps of large areas on a small scale have their uses, but they 
are unsuitable for educational purposes on account of the manner in 
which heights must be exaggerated to make them appear at all; this 
objection, however, does not apply to models of limited areas on a sul- 
ficient scale, which always give a truthful and effective representation 
of the ground, One reason why models have not been more used has 
been their cost, but the means of construeting them with ease, rapid- 
ity, and at slight expense, are quickly accumulating as the six-inch 
contoured sheets of the Ordnance Survey are published, Instruction 
in geography should begin at home; and I would suggest that, as the 
six-inch survey progresses, each decent school throughout the country 
should be provided with a model and a map of the district in which it 
is situated. Hf this were done, the pupils would soon learn to read the 
model, and, having onee succeeded in doing this, it would not be long 
before they were able to understand the conventional manner in which 
topographieal features are represented on a plane surface, and aeqnire 
the power of reading not only the map of their own neighborhood, 
but any map which was placed before them. Jn our wall maps I think 
we have been too much inclined to pay attention to the boundaries of 
eountries, and to negleet the general features of the ground. It is 
difficult to say whether the maps have followed the teachers or the 
teachers the maps, but I fear instruction in physical geography too 
often comes after that in political geography, instead of a knowledge 
of the latter being based on a knowledge of the physieal features of 
the earth. My meaning may perhaps be explained by reference to a 
wall map probably well known to every one, that of Palestine, which 
frequently disfigures rather than ornaments the walls of our school- 
rooms. Jn this map there are usually deep shades of red, yellow, and 
green, to distinguish the districts of Judea, Samaria, and Galilee, and 
perhaps another color for the Trans-Jordanic region, with a number 
of Bible names inserted on the surface, while the natural features are 
quite subordinate, and sometimes not even indicated. There is per- 
haps no book that bears the impress of the country in which it was 
written so strongly as the Bible; but it is quite impossible for a 
teacher to enable his pupils to realize what that country is with the 
maps at present at his disposal, The first object of a wall map 
should be to show the geographical features of countries, not their 
boundaries, and for this purpose details should be omitted, and the 
grander features have special attention paid to them. In sehool at- 
fases the saine fault may be traced, physical features being too often 
nade subordinate to political divisions; aud there is also, in many 
cases, a tendency to overcrowd the maps with a multitude of names 
which only serve to confuse the pupil and divert his attention from 
the main points. The use of globes in our schools should be en- 
couraged as mueli as possible, as there are many physical phenomena 
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which cannot well be explained without them, and they offer far bet- 
ter means of conveying a knowledge of the relative positions of the 
various countries, seas, ete., than any maps. The great expense of 
globes has hitherto prevented their very general use, but some experi- 
ments are at present being made with a view to lessening the cost 
of the construction, whieh it is hoped may be successful. I cannot 
pass from this subject without alluding to that class of maps which 
gives life to the large volumes of statistics which are accumulating 
with such rapidity. On the Continent these maps are employed to an 
extent unknown in this country, both for purposes of reference and 
education, and they couvey their information in a simple and effective 
manner. 


THE TRANSIT OF VENUS. 


By Pror. 8. P. LANGLEY, 


OF THE ALLEGHANY OBSERVATORY. 


N the 8th day of the present month, at a little before nine in the 
evening of our time, the planet Venus will be first seen enter- 
ing upon the face of the sun, from that side of the earth on which it 
is then day, and to observe the event astronomers will have made their 
way from all the principal countries of the civilized world. The spec- 
tacle in itself offers nothing that is imposing; to the naked eye, indeed, 
nothing of it will be visible, and all that the best telescope can dis- 
cern will be a small, black, cirenlar spot moving across the upper part 
of the solar disk, during some four and a half hours. The interest of 
the occasion, as all know, lies in the rare opportunity it offers for ob- 
taining the sun’s distance from the earth; but, as it is not so well 
understood why this distance is wanted, why it has not been found 
before, and what Venus has to do with determining it now, it is pro- 
posed here to attempt to answer such questions, as fully as it can be 
done in general and untechnieal terms, and in a single article. 

The exact objeet to be obtained can be better understood after 
considering what we know about the relations of the sun and planets, 
and what we have yet to learn. We know already, then, with almost 
entire exactness, the relative distances from the sun of every planet 
(the earth included), so that, if we wished to make a map of the solar 
system, on which the position of cach member shonld be laid down 
with great precision, we have already all the means at hand to do it. 
Let us snppose such a map to be drawn, in whieh cireles around a cen- 
tral point represent the planetary orbits. Then the planets being 
ranged in a line from the sun, and the distance of Venus trom it being 
let us say five inches, that of the earth will be seven, and that of 
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Mars over ten, whence we observe that Venns is our nearest neighbor, 
and her distance from the sun two and a half times ours from her. 

«As ronnd numbers are given only for simplicity, and as we conld 
in fact draw such a map, with the actual elliptic orbits, in which no 
error would exist which a microscope could detect, it may be asked, 
“ What more can be wanted ?” 

But there is a most important want unsnppled: our map has no 
scale, and we do not know how much an inch on it represents in actual 
distanee. Our ease, then, is like that of a person with an accurate 
chart of his conntry before him, from which he wants to find his dis- 
tance from the capital. If it have no scale attached, or an erroneous 
one {and the latter is our own case), he cannot measure a single dis- 
tance upon it. 

If, however, he can ascertain the actual number of miles between 
any two points of the map, he will plainly know what an inch on it 
stands for, and thus be able to construct the lacking scale ; and so we, 
if we can measure the distance between any two primary planets, or 
between any one of them (such as the earth) and the sun, have got at 
the same time the means of determining @Z the dimensions of the 
solar system. 


A determination of the distance of any remote object, which we 
ean see but cannot reach, whether celestial or terrestrial, the sun or a 
mountain-top, requires that we should know either its size and the 
angle it fills to the eye, or else how much the direction in which we 
see it changes, as we change our own position by a known amount. 
Thus, in the latter case, a surveyor, who wishes to determine his dis- 
tance from an inaccessible object of unknown size, sends an assistant 
to hold up a staff at the end of a line measured on the ground by a 
chain. Jirst he notes, with an instrnment for the purpose, the diree- 
tion in which the objeet is seen as compared with that of the staff, and 
then, the assistant and observer changing places, the latter notes again 
the direction from the second point of view, and this will enable him 
to ealeulate the distance desired. That first found by direct measure- 
ment with the chain is called the “ base-line,” and it ought to be con- 
siderable when the object is far away, since in that case its direction 
will not, evidently, be much altered, without a corresponding altera- 
tion in the observer’s position. This difference of direction, caused by 
a changed point of view, is called by astronomers parallax ; nearly 
the only professional term with which the reader need be troubled, 
but one which should be clearly understood. 

The principle involved in the method is probably familiar to him 
already, but it is here recalled, to point ont how its application must 
be modified in finding the distance of the sun. As the earth sweeps 
round that far-distant controller of her path, we can send no messen- 
ger in advance along our orbit to distinguish the place we shall move 
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to later; we ean leave no mark behind to denote the point in the void 
of space the earth has qnitted. Our motion round the snn is therefore 
no help in finding its distance, and we may, in fact, for the sake of 
simplicity in illustration, treat the carth as standing still in its orbit, 
since the essential difficulty is thus nowise heightened. This difficulty, 
arising from the want of a proper base-line, is similar in degree and 
kind to that a surveyor would labor under, if he were called on to 
measure the distance of an object of unknown size at least half a mile 
away, Without moving from his place, Suecess under such cireum- 
stances may well seem, not so much difficult as impossible; yet this 
is a fair simile of the apparent impracticability of measuring the dis- 
tance of the sin without stepping beyond the limits of our little 
earth, a body so small by comparison with the sun’s remoteness that, 
to an observer at that distance, a three-cent piece, held one hundred 
and fiity yards from the eye, would completely cover our globe and 
hide it from his view. 

Within such narrow bounds we must work, or not work at all, and 
the reader, if he have not, from what he has just read, gained a defi- 
nite conception of the principle on which all such distance measure- 
nient rests, may find aid in a very simple experiment. If any small 
object, such as a pencil, be held in front of the eyes as near as it can 
be conveniently seen, we may easily note the point on the opposite 
side of the room which it appears to cover, as viewed first by the right 
eye and then by the left. Though itself unmoved, it will appear to 
shift its place on the wall, when the latter is distant, in a notable de- 
gree, owing both to the difference of direetion under which either eye 
views it, and the remoteness of the background, and the amount of 
this shifting will diminish progressively as it is carried directly away 
from the eyes, owing to its being now seen more nearly in the same 
direction by both, and to its approach to the wall. The change of 
direction is due to the distance from the eyes only, but, this being con- 
stant, the amount of its displacement on the wall is due only to the 
distance of the latter, as is easily proved by walking toward it. 

The distanee of the wall might.conceivably be reekoned without 
going to it, by preparing tables which should show how this distance 
was proportioned to the apparent motion of the pencil on it, since one 
of these things evidently depends on the other, or which should tell 
the distance of the pencil, by the difference of direction under which 
we saw it. Such are the trigonometrical tables in common use, which 
give the distance when this change of direction and place is known. 
But this change as viewed by one eye or the other is the parallax of 
the pencil, the known distance between the eyes being a little “ base- 
line,” which plays the same part as the surveyor’s longer one; and 
now, if we suppose ourselves in possession of tables which give the 
distance of any object, directly its parallax is known, we may substi- 
tute the earth for the head, two observers as far apart on it as they 
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can get for the eyes, the sun’s face for the wall, and Venus for the 
pencil, with a better idea of the way in which her coming between ns 
and the sun will help to find how far off it is. 

By the snv’s horizontal parallax is meant that particular amount 
of change in its direction which would be noted by our two observers 
if they were half the diameter of the earth apart (as in Fig. 1, where the 
observer at 4 sees Vin the direction A 2, the one at (in the direc- 
tion CD, and where the difference of these directions is if V C, the 
angle under which the earth’s radius would he seen from V). At the 


Fig. 1._Horizontat ParaLLax. 


risk of needless repetition, the reader is again asked to keep in mind 
that, finding an object’s distance and finding its parallax are conyert- 
ible terms: that when the latter is large it is easily got, and implies 
a short distance; that when small, it is found with diffenlty, and im- 
ples great distance, and that the solar horizontal parallax is almost 
immeasurably small—less, whatever it is, than an angle of 9.”, or 
than that which would be filled by a human hair over five feet from 
the eye. It was an error of one-thirtieth part of this last—an error 
less, that is, than a literal hair’s-breadth seen fifty yards off—which 
eaused the mistake of 3,000,000 miles, now known to have been made 
in measuring the sun’s distance in 1769; and, if the reader has heard 
such a mistake cited to the discredit of astronomy, he is now in a 
position to judge of the justice of the reproach. It may be added, in 
the words of Sir John Herschel: “ Moreover, this error has been de- 
tected, and the correction applied, and the detection and correction 
have originated with the friends, and not the enemies, of science.” 


If we briefly review the history of human effort at this problem, 
we find it oceupying the mind of the ancient philosophy as well as the 
modern. Ptolemy, following Hipparchus, estimated, by an unreliable 
method, the solar parallax at 3.’, or its distance at 1,210 semi-diameters 
of the earth; and this grossly erroneous value remained unimproved 
to the time of Kepler, with whose age modern astronomy begins. 
Kepler having, by life-long stndy, discovered a means of obtaining 
the proportionate distances of the planets from the sun, saw clearly 
that this led to a new method of finding its absolute distance ; since, 
whatever it is, it stands in a known relation to that of Venus and 
Mars, either of which is easier found, owing to the comparative near- 
ness of these planets, when in a line with the earth and sun, Venus, 
at this time, commonly passes above or below the sun, and in either 
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case is lost in the surrounding brightness, Kepler left the suggestion, 
therefore, of the nse of the latter’s trans¢é, for the benefit of the future 
generation in which it should oceur, The parallax even of Mars 
turned out to be, with the means of that day, immeasurably small ; 
but he reached from this the conclusion that the sun’s still unknown 
distance was, at any rate, not less than 13,000,000 miles. 

Yo see how it is that transits are so rare, we may consider the an- 
nexed diagram (Fig. 2), where the outer circle shows the orbit of the 
earth, and her positions in March, June, September, and December. 
The orbit of Venus, lying*within this, would need to be represented by 
a ring, inclined to the plane in which the earth moves; that part of 
Venus’s path nearest to the earth in March being above the surface of 
the paper, that nearest to onr place in September being below it. If 
the planct passed in line with us and the sun between December and 
June, then it would appear to go above it; if between June and the 
following December, below it. There are two days in each year when 
we are crossing the line in which the planes of the two orbits cnt each 
other, At these times the path of Venus, if it were a visible ring, 
would be seen like a slanting line on the sun ; but, as the planet may 
be anywhere else on her path (as, for instance, at V,), it is evidently 
only under a rare conjunction of favoring cireumstances that we see 
her passage across the sun’s face (at V7), as a black cirele on a brilliant 
background. This phenomenon, whieh can only, as appears from what 
has been said, occur in June and December, is known as the Transit 
oF VENUS. 


Septenteal Naga reh 


Aecember 


Fic. 2.—Ornits oF VENUS AND THE Eartu. 


Owing to the fact that Venus makes about thirteen revolntions in 
eight years, her transits frequently come in pairs eight years apart, 
though with an interval of over a century from one pair to the next ; 
and thus transits have occurred in December, 1631 and 1639, in June, 
1761 and 1769, and will ocenr in December, 1874 and 1882, That of 
1631, though predicted by Kepler, passed unobserved; that of 1639 
was the first known to have been seen by any one, and the cireum- 
stances of this epoch in the history of our subject deserve mention. 

Jeremiah Horrocks, a young man, devoted to astronomical studics, 
thongh without connsel or support, had found from his own computa- 
tions that a transit was likely to oceur, though none had been looked 
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for by others. He had time only to warn a friend of the expected 
event, then close at hand, and prepared himself to observe it, by form- 
ing, through a small aperture in a darkened room, an image of the sun 
upona sheet of paper. This he watched continuously ou the important 
day, a Sunday, till the time eamefor church, Though knowing that 
the opportunity, which would not occur again to any one then living, 
might pass in his absence, he left it for what he deemed a religious 
duty, and did not resume his observation till late in the afternoon. 
“ At this time,” said he, “an opening in the clouds, which rendered 
the sun distinctly visible, seemed as if Divine Providence encouraged 
my aspirations, when, oh, most gratifying spectacle! the object of so 
many earnest wishes { T perceived a new spot of unusual magnitude 
and perfectly round, which had just entered ou the left limb of the 
sun.” Tis friend had been equally fortunate, “and thus,” says Mr. 
Grant, in his “ Wistory of Physical Astronomy,” whence this aceount 
is taken, “did two young men, cultivating astronomy together in a 
state of complete seclusion in one of the northern counties of England, 
enjoy the privilege of witnessing a phenomenon which human eyes had 
never before beheld, and which no one was destined again to see till 
more than a hundred years had passed away.” Ilorrocks attempted 
to obtain the sun’s parallax, but without much success; good results 
from such observations requiring, as will be inferred from what has 
been said, to be made by a pair of observers removed from each other, 
nearly as far as the limits of the earth will allow. 

In 1761 and 1769 astronomers were fully aware of the importance 
of the occasion. Special preparations were made by different Euro- 
pean governments, especially for the latter year, when parties were 
sent, as now, to various portions of the illuminated hemisphere of the 
globe. Among the names of those employed are the familiar ones of 
Captain Cook, who made his first voyage to Tahiti for this purpose, 
and of Mason and Dixon, the surveyors of the “line” whieh bore 
their name, and which was once so frequently heard of in our own 
affairs. 

One, who is less known, but whose singularly bad luck deserves 
sympathy, was Le Gentil. Sailing for Pondicherry, where he ex- 
pected to observe the transit of 1761, le was unable to land, and 
got no other observations than such as could be made at sea. A 
voyage from Europe to the Indies in those days was something so 
formidable, that Le Gentil, who was resolved to see the trausit of 
1769, decided on waiting for it abroad through eight years of volun- 
tary exile, but, by a cruelly hard fortune, when the long-expected day 
came, the sun was shut out from his view by clouds which had left the 
sky clear till the eventful occasion. 

It is perhaps worth while to recall such a disappointment, to re- 
mind us that all the skill, means, and labor, which have gone to fit 
out the expeditions now absent, are equally liable to frustration by 
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causes beyond human control; a contingency very remote, however, 
as affecting the entirety of the observers, and from which it is to be 
heartily hoped all will be exempted. 

The results of the transit of 1769 were rendered uncertain, to 
some extent, by a eurious attendant phenomenon called “ the black 
drop,” consisting in an apparent clinging of the planet to the limb, 
to which it is seemingly attached by a black ligament. The exact 
cause of this illusion is not quite agreed on, but there ean be little 
doubt that it isin part a product of bad definition and inferior tele- 
scopes, and, as such, need be expected to give less trouble in our 
present observations of the times when the planet is really in contact 
with the edge. It may, however, cause an error of some seconds in 
noting the time, and in this particnlar seconds are all-important, 
Encke, who discussed these results, found from them that the parallax 
was 8.56, a value always known to be qnestionable; but whence the 
suin’s distance of “95,000,000 miles,” which found a place in our school- 
books, was derived. 

Within a few years past, it has become certain, by evidence from 
yarious quarters, that this is too much, Till toward the close of the 
last century, astronomers had no other means of finding the sun’s dis- 
tanee than by observations on Venus and Mars; though, from those 
of the latter planet, indeed, » much closer approximation to the solar 
parallax than Kepler’s value had long been obtained. Chiefly during 
the present century, other methods have been added, of which the 
most remarkable is that due to the French academician, Foucault. 

Though the speed of the earth in its orbit, and that of light, were 
both unknown, yet the ratio of these two velocities had long been ascer- 
tained, From the assumed distance of the sun above given (95,000,000 
miles), it was evidently possible to tell the circumference of the earth’s 
orbit, and thence to say how many miles it went in a year, or a see- 
ond, and, by @ simple multiplication, a value for the velocity of light 
was obtained; since, as has just been said, the latter velocity bore a 
known proportion to the former. In this way, the value of 192,000 
miles per second for the speed of light was found—a quantity which, 
being derived from an assumed distance of the sun, could not, of 
course, be used in turn to determine it, When, however, Fondault 
actually measured the velocity of light by a direct physical experi- 
ment, it became possible, by a reversal of the above process, to say 
how pie the earth moved in a second; whence we learn hese far it 
moyes in a year, or, in other words, the length of its annual path; 
whence, again, the distance across it and the sun’s distance obvions- 
ly follow, the latter being thus found to be 92,260,000 miles, instead 
of 95,000,000. 

From a discussion of all the different methods, Prof. Newcomb has 
coneluded that the solar parallax cannot be far trom 8”,85 ; while Mr. 
Stone, from a rediseussion of the results of the transit of 1769, be- 
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lieves that it is nearer 8”.91. The first value corresponds to a dis- 
tanee of 92,380,000 miles, the second to one of 91,730,000. It follows 
that we have heretofore made an error of about three per cent. in esti- 
mating the distances, and about ten per cent, in estimating the masses 
of the solar system, Neither authority regards his result as more 
than approximative, Prof. Newcomb, for instance, considering that 
his own may, as likely as not, be over a hundred thousand miles from 
the truth, 

We get no idea from these large-sounding numbers of the all but 
inconceivable minuteness of the error of observation which would 
eause then; and such a measure of uncertainty, far from easting any 
discredit on the exactness of modern astronomy, is an evidence of its 
surprising advance toward absolute truth. Modern astronomy began 
with the age of Kepler; but, while the angle whieh represents the 
erro in the parallax Kepler found, would correspond to that filled by 
the width of one of the pages of this magazine at a distance of 2,000 
feet from the eye, the error now admitted as probable by Prof. New- 
comb is represented by a less angle than that filled at the same dis- 
tauce by the same leaf turned edyeirise. 


Now that we have considered the delicacy of the measurements 
which have already been made, we are prepared to appreciate the 
task of those who, on the 8th of this month, are about to try to better 
them, and to examine the principles underlying the methods which 
will be actually used in the trial. To do this, we may, perhaps, here 
recur to a former illustration, If we suppose a person Jooking at a 
remote objeet—let us say a lighted window—from a distance which 
is quite half a mile, the distanee between his eyes bears nearly the 
same relation to that of the light, that the distanee between any two 
stations practieally usable on the earth does to that of the sun, Ac- 
cordingly, the difficulty of obtaining the sun’s parallax, without mov- 
ing from off the earth, is the same in degree that the observer would 
experience in measuring the distance of the light without moving 
from his place, and by means of the small virtual ehange of his point 
of view, obtained by looking at it with either eye; and it is under 
such all but insuperably hard conditions that astronomers will actually 
be working this month. 

To see how Venus comes to their aid, we may represent her motion 
by a car moving at a uniform rate on a cireular track, between the 
light and the observer. If the ear pass across the light from left to 
right (as Venus erosses the sun), it will of course cut off the observer’s 
view of the left side of the window from the left eye first, and, if the 
motion be slow enough, we may suppose him to note the exact time 
before the sight of the same point hy the right eye is intercepted. 

If he know from previous watching how long it takes the car to 
make its whole cirenit of 360°, he knows from his watch, by an ob- 
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viously simple compntation, just what part of a degree it went over in 
passing, or in its shadow’s passing, from one eye to the other; the angle, 
in other words, that the distance between his eyes would appear under, 
as seen from the light, But this is the parallax of the light, and it 
gives him its distance at once (that between the eyes—the base-line 
—being known). 

This suggests the principle of a method of obtaining the sun’s par- 
allax, on which the English astronomers will largely rely, 

For, neglecting matters of detail, and supposing Venus to pass 
centrally across the sun, since she completes her revolution of 360° in 
225 days, nearly, we find, on dividing 360° by the number of minutes 
in that period, that in one minute she moves through an are of 4.", and 
dividing 360° by the number of minutes in our year, that the earth 
moves through 2”.46 in the same time. Hence, as Venus is gaining 
1".54 every minute, the case is the same as though the earth stood 
still, and the shadow of Venus (could she throw one so far) passed 
over the earth at that rate as seen from the sun, 

Suppose an observer on the left or eastern side of the globe had 
his view of part of the left side of the sun intercepted by the in- 
terior planet at nine o’clock, and one placed opposite the centre of the 
globe (at half the earth’s diameter west of the first), five and three- 
quarter minutes later, then, since 53 times 1.54 is 8".85, this angle 
8.85 represents the difference of directions in which the sun wonld be 
seen by the two observers, or, what is the same thing, the angle the 
eartl’s semi-diameter would fill to an eye at the sun. This is the solar 
parallax, and on reference to our tables we should find that such a 
difference of direction could only be caused by an object nearly 
92,000,000 miles off. In practice, observers are not stationed at the 
extreme edge of the earth (as seen from the sun), because from such 
a station the sun itself would be seen in the horizon, where vision of it 
is obscured and rendered unsteady by the vapors of our atmosphere, 
Neither is it needful to place observers just half a diameter of the 
earth apart, since it is easy to allow for the effect of greater or less 
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distance, and, in reality, the time would be longer than that supposed, 
beeanse Venns’s path lies aslant to the sun’s edge, and it takes her lon- 
ger to cross it. But it will, of course, be understood that sueh mat- 
ters as these, and such complications as arise from the elliptical form 
of the orbits, the real inequality of the motion, the fact of the earth’s 
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being constantly turning and changing the observers’ positions whether 
they will or no—that sueh things as these, and many more, need not 
ocenpy us here, except as they suggest how excessively intricate the 
actual details are with which the astronomer deals. 

Quite another method might be used by our imaginary observer, 
if we suppose him to incline his head so that one eye is higher than 
the other, and to be able to see over the passing car, In this case, if 
the lower eye had the view of the lower part of the window hidden, 
the other, seeing more over the ear, would sec somewhat farther 
down—how much farther down would be easily ealeulated if the pro- 
portionate distances of the ear from the eyes and the window were 
known. This suggests a very important method for actual use in the 
transit ; for, if we now have two stations, one in the north or npper 
side of the earth (upper to ns, that is), the other in the south or lower 
side, it is clear that the upper observer, seeing more over Venus, so to 
speak, will see it as it crosses the sun at V7), nearer the centre than 
the observer who is in the south, and who sees it at Vj. (Fig. 8). 

If the northern station is 6,000 miles higher than the other, since 
Venus is two and a half times as far from the sim as from ns, it will 
appear to cross nearer the centre by two anda half times 6,000, or 
15,000 miles. Knowing how large an angle this 15,000 miles on the 
sun’s face fills, we have, as it will readily be seen, the knowledge of 
how large an angle a line any given part of its length (such as the 
earth’s radius) would fill as secn from this distance. 


$s 
Fig 4.—Pato oF VENUS across THE SUN AS SEEN BY DIPFERENT OBSERVERS. 


But it is immaterial whether we see such a length as the earth's 
radius from here, when it is supposed to be laid down on the sun, or 
from the sun when it is here. In either case we have got the same 
parallax and hence the same distance. 

This apparent displacement of Venus will give us two chords of a cir- 
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cle (Fig. 3), the shorter one being her track to the southern observer, the 
longer to the northern, In Fig. 4, @@ is her apparent path in the first 
case, e din the second. This figure shows the dircetion of the planet’s 
motion, and, with approximate truth, its apparent size as compared with 
the sun, and the degree of actual displacement. Its first appearance, 
touching the outside of the sun as at a, is what ts called “ first external 
contact.” his is shortly followed by “ first internal contact,” when 
the planet has moved wholly on to the sun’s face, and is just quitting 
theedge. After some four hours it touches the edge again (“second in- 
ternal contact”), crosses it and disappears (“second external coutact”). 
The external contacts have not hitherto been much relied on, but, now 
that with the spectroscope we can see the planct a little way off the 
sun, they can be better observed. The internal contacts are the im- 
portant ones, and these have heretotore been rendered more or less 
uncertain, by the phenomenon called the “black drop,” already referred 
to, as consisting in an optical illusion, by which the planet seems to 
cling to the limb and pull out of shape, like a drop of ink just about 
falling from the pen. (Fig. 5.) 


SN 


Fig. 5.--A PorRTION OF THE Sun aT First INTERNAL ConTACT OF VENUS, SHOWING THE 
*“ Buack-Dror.” 


Sinee there is no actual track left to teckon the distance between 
the chords from, the northern and southern observers t/me the planet 
across, very accurately, and, from the times, the lengths of these chords, 
and hence the distanee between them, may plainly be found, since we 
know just how long the planet would take to go over the sun’s diam- 
eter. There is another way, by measuring the distance, from the sun’s 
centre, of Venus at different stages of her progress, as seen by a pair 
or any number of pairs of observers; but probably best of all is pho- 
tography, which is to be used by nearly every station, and which will 
give us almost any number of pictures (ag many as 150 or 200 to a 
station), showing exactly how the planet looked from minute to min- 
ute to the photographer’s lens—an observer which does not get flur- 
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ried, is perfectly impartial, and whose observations take the form of 
an instantaneous but permanent record. 


Preparations of the most elaborate kind have been made by the 
leading nations of the world for this event for years beforehand; and 
the side of our globe, turned sunward on the important day, will be 
occupied by over seventy astronomical stations. As an amicable in- 
terchange of results is to be counted on, the means for trying every 
method here alluded to, as well as others, will be of the amplest kind; 
and there is every reason to hope that they will give us a value of the 
sun’s distance, aecrrate in proportion to the knowledge, energy, and 
skill, which have gone to furnish them. 

From what has been already said, it must be abundantly plain 
that, unlike an eclipse of the sun, which is total over a very small 
area, the transit of Venus will be visible over a whole hemisphere of 
the earth—over more, in fact, since the rotation of our globe brings 
new countries into the sunlight during the hours the passage lasts, 
and some will see it begin who will not see it close; others see it close 


Fic. 6.—EARTI. As SEEN From THE SUN, DE- Fic. %.—Eantn, AS SEEN FROM THE SuN, DE- 


CEMBER STH, AT 98. 10M.. P.M... NEW YorK CEMBER 9TH, AT 1H. 13M., A. M.. NEW YORE 
Time. (First Internal Contact.) Time. (Sccond Internal Contact.) 
Names of American stations, ag seen located in the above diagrams: 
No. 1. Wladiwostock. No. 5. Bluff Harbor. 
2. Pekin. 6, Chatham Island. 
3. Nagasaki. 7. Kergnelen ‘* 
4. Hobarttown. S. Possession ‘ 


who do not see it begin, While the transit continues, wherever the 
sun can be seen, there Venus will be seen on it, with the exception of 
the few minutes of entry, when those on the extreme left of the earth 
will see her before the rest, and the corresponding time of exit, 

We do not see the phenomena at all in the United States, because 
all America is on the night side of the carth at the time, a fact made 
plainer by the accompanying diagrams, showing the earth as it is 
poised in space, viewed from the sun; first at the beginning of the 
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transit (to the whole earth), and again at its close, with the effects 
of the earth’s rotation in the interval. These diagrams are made 
from those prepared by Mr, Proctor (to whose admirably lucid illus- 
trations the writer is otherwise indebted), and by Mr. Hill, under the 
charge of Prof. Coftin, of our own “ Nantical Almanac” office ; and on 
them have been marked the cight stations occupied by American par- 
ties, The next transit, in December, 1882, will be visible, it may be 
observed, from beginning to end, in the United States. 

On the whole, it will appear, from what has been stated, that a 
transit of Venus, though not the only means of determining the sun’s 
distance, and not possessing the relative importance it once did, re- 
mains probably the best, as it is the best known, and, if it may be so 
called, the most classic method. 

Judging from what appears to be the probable error of our best 
independent determinations of the solar parallax (those from Mars), 
and the presumption that the majority of astronomers regard those 
obtainable by modern methods from Venus as still better, it is no un- 
reasonable anticipation that the probable error of the coming result 
will not exceed one-hundredth of a second. In other words, it may be, 
expected to be at least an even wager that the error of angular meas- 
urement in the final resnlt—made up, let us remember, from the inde- 

pendent results of observers working in distant parts of the globe— 
will not exceed that which would be represented by the breadth of a 
hair, seen at the distance of one mile, So slight is that error, which 
will seem so large when carried out in the enormous numbers which 
represeut the distance of the sun, and those numbers still more incon- 
ceivable which represent his own distance from his brother stars. 

In ove of the most remarkable writings which have descended to us 
from ancient philosophy, the “ Arenaria” of Archimedes, that geometer 
undertakes to show his contemporaries that it is in the power of num- 
ber to reckon not only every grain of sand upon the sea-shore or even 
in the whole earth, but more than would fill a solid sphere extending 
beyond the sun; and, in the course of his demonstration, he describes 
to us how he attempted to find its diameter by measurements earried 
on with a staff and a rod, when the morning and evening mists ren- 
dered its light bearable to the eye. If the striking picture of this 
“ Newton of the ancient world” @azing at the setting sun, to attempt, 
with such rude means, a portion of the task which remains unsolved 
after two thousand years, be recalled here, it is becanse it seems 
fittingly to remind us of the early steps of that aseent on which man’s 
long effort has raised him to the power of questioning Nature with 
means of the wonderful exactness just deseribed, and to remind us 
also how long human thought has rested on the great problem to 
which we hope this present month may bring an answer, 
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THE GREAT CONFLICT.’ 
By JONN WILLIAM DRAPER, M.D., LL.D. 


NOEVER has had an opportunity of becoming aequainted with 

the mental condition of the intelligent classes in Europe and 

America, must have perceived that there isa great and rapidly-in- 

creasing departure from the public religions faith, and that, while 

among the more frank this divergenee is not concealed, there is a far 

more extensive and far more dangerous secession, private and unae- 
knowledged., 

So wide-spread and so powerful is this secession, that it ean neither 
be treated with contempt nor with punishment. It cannot be extin- 
guished by derision, by vituperation, or by foree, The time is rapidly 
approaching when it will give rise to serious political results, 

Ecclesiastical spirit no longer inspires the policy of the world. 
Military fervor in behalf of faith has disappeared, Its only souvenirs 
are the marble efligies of crusading knights, reposing on their tombs 
in the silent erypts of churches. 

That a crisis is impending is shown by the attitude of the great 
powers toward the papacy. The papacy represents the ideas and as- 
pirations of two-thirds of the population of Europe, It insists on a 
political supremacy in accordance with its claims to a divine origin 
and mission, and a restoration of the mediwyal order of things, loudly 
declaring that it will accept no reeoncitiation with modern civilization, 

The antagonism we thus witness between Religion and Science is 
the continuation of a struggle that commenced when Christianity be- 
gan to attain politieal power, A divine revelation must necessarily 
be intolerant of contradiction ; it must repudiate all improvement in 
itself, and view with disdain that arising from the progressive intel- 
leetaal development of man, But our opinions on every subject are 
continually liable to modification, from the irresistible advance of hn- 
man knowledge. 

Can we exaggerate the importance of a contention in which every 
thoughtful person must take part whether he will or not ? In a mat- 
ter so solemn as that of religion, all men, whose temporal interests 
are not involved in existing institutions, earnestly desire to find the 
truth. They seek information as to the subjects in dispute, and as 
to the conduet of the disputants. 

The history of Seience is not a mere reeord of isulated discover- 
ies; it Is a narrative of the conflict of two contending powers, the 
expansive foree of the human intellect on one side, and the eompres- 
sion arising from traditionary faith and human interests on the other. 

1 Preface to the “Ilistory of the Conflict between Religion and &cicnee,” No. NIL. 
of the “ International Scientifie Series,” to be published shortly. 
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No one has hitherto treated the subjeet from this point of view. 
Yet from this point it presents itself to us asa living issue—in fact, 
as the most important of all living issues, 

A few years ago, it was the politic and therefore the proper course 
to abstain from all allusion to this controversy, and to keep it as far 
as possible in the background, The tranquillity of society depends so 
much on the stability of its religious convictions, that no one can be 
justified in wantonly disturbing them, But faith is in its nature 
unchangeable, stationary; Science is in its nature progressive; and 
eventually a divergence between them, impossible to conceal, must 
take place. It then becomes the duty of those whose lives have made 
them familiar with both modes of thought, to present modestly, but 
firmly, their views; to compare the antagonistic pretensions calmly, 
impartially, philosophically. History shows that, if this be not done, 
social misfortunes, disastrous and enduring, will ensue. When the 
old mythological religion of Europe broke down under the weight of 
its own inconsistencies, neither the Roman emperors nor the philoso- 
phers of those times did any thing adequate for the guidance of pub- 
lie opinion. They left religions affairs to take their chance, and ac- 
cordingly those affairs fell into the hands of ignorant and infuriated 
ecclesiasties, parasites, ennuchs, and slaves, 

The intellectual night which settled on Europe, in consequence of 
that great negleet of duty, is passing away; we live in the daybreak 
of better things, Scciety is anxiously expecting light, to see in what 
direetion it is drifting. It plainly discerns that the track along which 
the voyage of civilization has thus far been made, has been left ; and 
that a new departure, on an unknown sea, has been taken, 

Though deeply impressed with such thoughts, I should not have 
presumed to write this book, or to intrude on the public the ideas it 
presents, had I not made the faets with which it deals a subject of 
long and earnest meditation, And I have gathered a strong incentive 
to undertake this duty from the cireumstance that a “ History of the 
Intellectual Development of Europe,” published by me several years 
ago, which has passed through many editions in America, and has 
been reprinted in numerous European languages, English, French, 
German, Russian, Polish, Servian, ete., is everywhere received with 
favor. 

In colleeting and arranging the materials for the volumes JT pub- 
lished under the title of “ A History of the American Civil War,” a 
work of very great labor, I had become accustomed to the eomparison 
of eontlicting statements, the adjustment of conflicting claims, The 
approval with which that book has been received by the American 
public, a critical judge of the events considered, has inspired me with 
additional confidence. I had also devoted mueh attention to the ex- 
perimental investigation of natural phenomena, and had published 
many well-known memoirs on such subjects. And perhaps no one can 
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give himself to these pursuits, and spend a large part of his life in the 
public teaching of science, without partaking of that love of impar- 
tiality and truth which Philosophy incites, She inspires us with a 
desire to dedicate our days to the good of our race, so that in the fad- 
ing light of life’s evening we may not, on looking baek, be forced to 
acknowledge how unsubstantial and useless are the objects that we 
haye pursued. 

Though I have spared no pains in the composition of this book, I 
am very sensible how unequal it is to the subject, to do justice to 
which a knowledge of scienee, history, theology, polities, is required ; 
every page should be alive with intelligence and glistening with faets. 
Bat then [ have remembered that this is only as it were the preface, 
or foreruuner, of a body of literature, which the events and wants of 
our times will call forth, We have come to the brink of a great in- 
tellectual change. Much of the frivolous reading of the present will 
he supplanted by a thoughtful and austere literature, vivitied by en- 
dangered interests, and made fervid by ecclesiastical passion. 

What I have sought to do is, to present a clear and impartial state- 
ment of the views and acts of the two contending parties. In one 
sense [ have tried to identify myself with each, so as to comprehend 
thoroughly their motives; but in another and higher sense I have en- 
deavored to stand aloof, and relate with impartiality their actions. 

I therefore trust that those, who may be disposed to criticise this 
book, will bear in mind that its object is not to advocate the views 
and pretensions of cither party, but to explain clearly, and without 
shrinking, those of both. Inthe management of each chaper I have 
usually set forth the orthodox view first, and then followed it with 
that of its opponents. 

In thus treating the subject it has not been necessary to pay much 
regurd to more moderate or intermediate opinions, for, though they 
may be intrinsically of great value, in conflicts of this kind it is not. 
with the moderates but with the extremists that the impartial reader 
is mainly concerned. Their movements determine the issue. 

For this reason Ihave had little to say respecting the two great 
Christian confessions, the Protestant and Greek Churches. As to the 
latter, it has never, since the restoration of science, arrayed itself in 
opposition to the advancement of knowledge. On the contrary, it 
has always met it with welcome. It has observed a reverential atti- 
tude to truth, from whatever quarter it might come. Recognizing 
the apparent discrepancies between its interpretations of revealed 
truth and the discoveries of seience, it has always expeeted that satis- 
factory explanations and reconciliations would ensue, and in this it 
has not been disappointed. It would have been well for modern civ- 
ilization if the Roman Church had done the same. 

In speaking of Christianity, reference is generally made to the 
Roman Church, partly because its adherents compose the majority of 


230 THE POPULAR SCIENCK MONTHLY. 


Christendom, partly because its demands are the most pretentious, 
and ‘partly beeause it has commonly sought to enforce those demands 
by the civil power. None of the Protestant Chnurehes has ever occu- 
pied a position so imperious—none has ever had such wide-spread 
political influence. For the most part they have been averse to con 
straint, and except m very few instances their opposition has not 
passed beyond the exciting of theological odium, 

«As to Science, she has never songht to ally herself to civil power. 
She has never attempted to throw odinm or inflict social ruin on any 
human being. She has never subjected any one to mental torment, 
physical torture, least of all to death, for the purpose of upholding or 
promoting her ideas. She presents herself unstained by cruclties and 
crimes. Bunt in the Vatican—we have only to recall the Inquisition— 
the hands that are now raised in appeals to the Most Merciful are 
erimsoned. They have been steeped in blood ! 

There are two modes of historical composition, the artistic and the 
scientific. The former implies that men give origin to events; it 
therefore selects some prominent individual, pictures him under a fan- 
ciful form, and makes him the hero of a romance, The latter, insist- 
ing that human affairs present an nnbroken chain, in whieh each fact 
is the offspring of some preceding fact, and the parent of some sub. 
sequent fact, declares that men do not control events, but that events 
control men, The former gives origin to compositions, which, how- 
ever much they may interest or delight us, are but a grade above 
novels ; the latter is austere, perhaps even repulsive, for it sternly im- 
presses us with a conviction of the irresistible dominion of law, and 
the imsignificance of human exertions. In a subject so solemn as that 
to which this book is devoted, the romantic and the popular are alto- 
gether ont of place, Ile who presumes to treat of it must fix his eye 
steadfustly on that chain of destiny which universal history displays ; 
he mnst turn with disdain from the phantom impostures of pontiff 
and statesmen and kings. 

Tf any thing were needed to show us the untrustworthiness of ar. 
tistic historical compositions, our personal experience would furnish 
it. Ifow often do onr most intimate friends fail to perceive the real 
motives of our every-day actions; how frequently they misinterpret 
our intentions! If this be the case in what is passing before our eyes, 
may we not be satisfied that it is impossible to comprehend justly the 
doings of persons who lived many years ago, and whom we hare 
never seen ? 

In selecting and arranging the topics now to be presented, I have 
been guided in part by “the Confession”? of the late Vatican Council, 
and in part by the order of events in history. Not withont interest 
will the reader remark that the subjects offer themselves to ns now as 
they did to the old philosophers of Greeee. We still deal with the 
same questions about which they disputed. What is God? What 
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is the son]? What is the world? Tlow is it governed? Mave we 
any standard or criterion of truth? And the thoughtful reader will 
earnestly ask, “ Are our solutions of these problems any better than 
theirs ?” ; 

The general argument of this book, then, is as follows: 

I first direct attention to the origin of medern science as distin- 
guished from ancient, by depending on observation, experiment, and 
mathematical discussion, instead of mere speenlation, and shall show 
that it was a consequence of the Maeedonian campaigns, which brought 
Asia and Europe into contact. A brief sketch of those campaigns, and 
of the Museum of Alexandria, illustrates its character. 

Then with brevity I recall the well-known origin of Christianity, 
and show its advance to the attainment of imperial power, the trans- 
formation it underwent by its incorporation with paganism, the exist- 
ing religion of the Roman Empire. A clear conception of its incom- 
patibility with science caused it to suppress forcibly the Schools of 
Alexandria, It was constrained to this by the political necessitics of 
ils position. 

The parties to the conflict thus placed, I next relate the story of 
their first open struggle; it is the first or Southern Reformation, 
The point in dispute had respect to the nature of God. It involved 
the rise of Mohammedanism, Its result was, that mueh of Asia and 
Africa, with the historic cities Jernsalem, Alexandria, and Carthage, 
were wrenched from Christendom, and the doctrine of the Unity of 
God established in the larger portion of what had been the Roman 
Empire. 

This political event was followed hy the restoration of science, the 
establishment of colleges, schools, libraries, throughout the domin- 
ions of the Arabians. Those conquerors, pressing forward rapidly in 
their intellectual development, rejected the anthropomorphie ideas 
of the nature of God remaining in their popular belief, and accepted 
other more philosophieal ones, akin to those that had long previously 
been attained to in India, The result of this was a second conflict, 
that respecting the nature of the soul Under the designation of 
Averroism, there came into prominence the theories of Emanation 
and Absorption, At the close of the middle ages the Inquisition sne- 
ceeded in excluding those doetrines from Europe, and now the Vati- 
ean Council has formally and solemnly anathematized them. 

Meantime, throngh the cultivation of astronomy, geography, and 
other sciences, correct views had been gained as to the position and 
relations of the earth, and as to the strneture of the world; and since 
Religion, resting itself on what was assnmed to be the proper inter- 
pretation of the Scriptures, insisted that the earth is the central and 
most important part of the universe, a third conflict broke out. In 
this Galileo Jed the way on the part of Science. Its issne was the 
overthrow of the Church on the question in dispute. Subsequently a 
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subordinate controversy arose respecting the age of the world, the 
Church insisting that it is only about six thousand years old. In this 
she was again overthrown, 

The light of history and of science had been gradually spreading 
over Europe. In the sixteenth century the prestige of Roman Chris- 
tianity was greatly diminished by the intellectual reverses it had ex- 
perienced, and also by its political and moral condition. It was clear- 
ly seen by many pions men that Religion was not accountable for the 
false position in which she was found, but that the misfortune was 
directly traceable to the alliance she had of old contracted with Ro- 
man paganism, The obvious remedy, therefore, was a return to prini- 
tive purity. Thus arose the fourth contliet, known to us as the Refor- 
mation—the second or Northern Reformation, The special form it 
assumed was a contest respecting the standard or criterion of truth, 
whether it is to be found in the Church or in the Bible. The deter- 
mination of this involved a settlement of the rights of reason, or intel- 
lectnal freedom. Luther, who is the conspicuous man of the epoch, 
carried into effect his intention with no inconsiderable snecess 3 and 
at the close of the struggle it was found that Northern Europe was 
lost to Roman Christianity. 

We are now in the midst of a controversy respecting the mode of 
government of the world, whether it be by incessant divine interven- 
tion, or by the operation of primordial and unchangeable law. The 
intellectual movement of Christendom has reached that point whieh 
Arabism had attained to in the tenth and eleventh centuries ; and 
doctrines which were then discussed are presenting themselves again 
for review ; such are those of Evolution, Creation, Development. 

Offered under these general titles, I think it will be found that all 
the essential points of this great controversy are included. By group- 
ing under these comprehensive heads the facts to be considered, and 
dealing with each group separately, we shall doubtless acquire clear 
views of their inter-counection and their historical snecession, I have 
treated of these conflicts as nearly as I conveniently could in their 
proper chronological order, and, for the sake of completeness, have 
added chapters on——An examination of what Latin Christianity has 
done for modern civilization; a corresponding examination of what 
Science has done; the attitude of Roman Christianity in the impend- 
ing conflict, as defined by the Vatican Council. 

The attention of many truth-secking persons has been so exelu- 
sively given to the details of sectarian dissensious, that the long strife, 
to the history of which these pages are devoted, is popularly but little 
known. IJlaving tried to keep steadfastly in view the determination 
to write this work in an impartial spirit, to speak with respect of the 
contending parties, but never to conceal the truth, I commit it to the 
considerate judgment of the thoughtful reader. 
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W* give, this month, an excellent portrait of one of the most 
active and accomplished of our American scientists, one who 
has not only extended the boundaries of knowledge by his researches 
in the various fields of investigation to which he has devoted himself, 
but who has been a missionary of science to one of the old Oriental 
countries, and labored successfully to diffuse its benign influences 
among a semi-barbarous people. 

J. Lawrence Smith was born December 16, 1818, near Charles- 
ton, South Carolina, Ilis father, Benjamin Smith, was a Virginian, 
who had removed to South Carolina, The subject of this brief me- 
moir received a classical education in the Charleston College, after 
which he was sent to the University of Virginia. At this institution 
he enjoyed facilities for the indulgence of his taste in the acquisition 
of knowledge in that department for which he had in early life shown 
a decided predilection—-pure mathematics, In the later part of his aca- 
demic eareer, he devoted himself to the higher branches of physics, 
mixed mathematics, and chemistry, pursuing the latter somewhat in 
the form of a recreation. 

In determining a practical pursuit in life, young Sinith selected 
civil-engineering as a profession, and, after devoting two years to the 
study of its various branches, in connection with geology and mining 
engineering, he was employed as one of the assistant engineers on 
the railroad projected at that time between Charleston and Cincinnati. 
This pursuit not proving congenial with his scientific tastes, he turned 
to the study of medicine, the college of the city of Charleston at that 
time possessing a corps of eminent medical teachers. After study- 
ing medicine three years, Dr. Smith was graduated by the Medical 
College of South Carolina, after which he went to Europe, where he 
devoted three more years to the study of medicine. Bat during all 
this time he continued his devotion to those departments which first 
commanded his scientific affections. Te studied physiology under 
Flourens and Longet; chemistry under Orfila, Dumas, and Liebig:; 
physies under Pouillet, Desprez, and Beequerel; mineralogy and geol- 
ogy under Elie de Beaumont and Dufrenoy. 

Dr, Smith returned to America in 1844, having already begun to 
earn a reputation in original scientific researches, principally in con- 
nection with the fatty bodies. His paper on Spermacceti, in 1842, at 
once stamped his character as an experimental inquirer. 

On his return to Charleston, Dr. Sinith commenced the practice of 
medicine, and there delivered a course of lectures on toxicology. But 
the State of South Carolina, needing his services as assayer of the 
bullion that eame into commerce trom the gold-fields of Georgia, 
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North and South Carolina, appointed him to that duty. At the same 
time he eave a great deal of attention to agricultural chemistry, for 
which he had acquired a great fonduess in Licbig’s laboratory, and to 
this were added researches in geology and mineralogy. Among the 
attractive features of the agricultural chemistry of his native State 
that early drew the attention of Dr. Sinith, were the unrivaled marts 
on which the city of Charleston stands, These beds of fertilizers are 
from 110 to 310 feet deep, and are in what geologists call the Tertiary 
formation. ‘They extend back more than 100 miles from Charleston, 
Dr. Smith was one of the first to ascertain the scientific character of 
this immense agricultural wealth. His paper on this snbject, with the 
correspondence of Prof. Bailey, the great microscopist of the Military 
Academy of West Point, is one of mnch interest. He also pointed 
out the large amount of phosphate of lime in these marls, from which 
there are now obtained immense quantities of phosphatic nodules, 
During these scientific labors, Prof. Smith made a valuable and 
thorough investigation into the meteorological conditions, character 
of soils, and culture, affecting the growth of cotton. The report on 
this subject was so valuable, that in 1846 President Buchanan ap- 
pointed Prof. Smith, in response to a request of the Sultan of Turkey, 
to teach the Turkish agriculturists the proper method for suceessiul 
management of cotton-culture in Asia Minor, On arriving in Turkey 
Prof. Smith was chagrined to find that an associate in the commission 
had indueed the Turkish Government to nndertake the culture of cot- 
ton near Constantinople. Prof. Smith was unwilling to associate his 
name with an enterprise which he felt satistied would be a failure, 
and the event folly justified his judgment. Prof. Smith was on the 
eve of returning to America, when the Turkish Government tendered 
him an independent appointment, that of mining engineer, with most 
liberal provisions. This position he filled during four years, and he 
performed his duties with such signal suecess, that the Turkish Gov- 
ernment heaped upon him the decorations of the empire, and very 
costly presents. The results of Prof, Sinith’s labors are a permanent 
advantage to the empire, and it has reecived ever sinee 1846, and con- 
tinues to receive, large revennes from his discoveries of emery, chrome, 
ores, and coals, within the domain of Turkey. His papers on these 
subjects, read before learned societies, and published in the principal 
scientific journals of Europe and America, gave him a high position 
among scientific men. His labors in Asia Minor on the subject of 
emery, which he was the first to discover there, led to its discovery in 
America; and in Massachusetts and North Carolina a large industrial 
product of emery is now earried on. In the scientific journals of this 
country, the papers on emery and cornndum recognize the snecessful 
researches of Prof. Smith as having done almost every thing for these 
commercial enterprises. These discoveries of emery in Asia Minor 
destroyed the rapacious monopoly of the article at Naxos, in the 
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Grecian Archipelago, increased the anount of emery used five or six 

fold, with a corresponding reduction in price. In many of the arts 

of life the free use of emery or corundum has become a necessity, but 

this free use of these articles would have been greatly retarded with- 
- out a very material reduction in price. 

While in the employment of the Sultan of Turkey, Prof. Smith 
investigated a great variety of Turkish resources, besides those directly 
within the purview of his appointment as mining engineer. His paper 
on the “Thermal Waters of Asia Minor” is one of extreme interest 
and great scientific value. 

In 1851 Prof. Smith invented the inyerted microscope, an impor- 
tant improvement ; for, while it may do the work of any other micro- 
scope, there are very interesting fields of research which can be cul- 
tivated by no other instrument. Dr. Carpenter, in his work on “ Phys- 
iology,” bears strong testimony to its value. 

After Prof. Smith’s return from Turkey, his Alma Mater, the Uni- 
versity of Virginia, elected him Professor of Chemistry, and, while 
discharging the duties of that chair, he, in connection with his able 
assistant, George J. Brush, at present one of the chief professors in the 
Shetield School of Science, performed a much-needed work in revising 
the “ Chemistry of American Minerals.” A full account of these la- 
bors was given in the American Journal of Seience, and subsequently 
in a valuable and interesting work containing the scientific researches 
of Prof. Smith, recently published by J. P. Morton & Co., in the city 
of Louisville, 

After marrying, in Louisville, the danghter of the IIon. James 
Guthrie, Prof. Smith adopted that city as his home. He was clected, 
soon after settling in Lonisville, to the chair of Chemistry in the 
Medical Department of the University of Lonisville, a position which 
he held for a number of years. After resigning that chair, he took 
scientific charge of the gas-works of Lonisville. Te has a private 
laboratory where he spends several hours each day, and continues his 
devotion to original research. 

Prof. Smith was one of the commissioners to the Paris Exposition 
of 1867, and made an able report on “The Progress and Condition 
of Several Departments of Industrial Chemistry.” It is very nearly 
exhaustive of the important subjects to which it is devoted. Prof, 
Smith was again appointed commissioner to Vienna in 1873, and dis- 
charged his duties with his usual ability. 

Prof. Smith’s important original researches are no less than fifty 
in number, and his scientific reports are numerous, showing great ac- 
tivity and perseverance in cultivating the ficld he has chosen. Among 
the honors he has received is the highest that American science can 
confer, the presidency of the American Association for the Advance- 
ment. of Science, to which he was elected in 1872. 
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RIVER HYDRAULICS. 


To the Editor of The Popular Science Monthly - 
ia tue July number of Tue Poputar Xcr- 

ENcE Montuty, there is an article en- 
titled “The Hydraulies of Great Rivers,” 
said to have been mainly derived from an 
aecount, in the April number of the Luin- 
burgh Review, of a book ealled “The Pa- 
rana, the Uruguay, and the La Plata Estua- 
ries,” by M. Revy, a meimber of the Insti- 
tute of Civil Engineers of Vienna. 

Tu that article there were so many state- 
ments calculated to give an erroneous im- 
pression to the reader, that it seemed to me 
some comment was called for. These state- 
ments 1 will examine in tum: 

“At the point near Rosario, where the 
viver is 4,787 fect wide, a series of meas- 
urements has been made by M. Révy, whieh 
eonstitutes the largest measurement of a 
viver seetion yet effeeted. . . . The average 
depth was 474 feet, and the greatest 72 feet, 
while the scetional area measured 184,858 
feet.” 


In the “ Report upon the Physics and | 


Wydraulies of the Mississippi River,” by 
Captain Humphreys and Lieutenant Abbot, 
of the Corps of Topographical Engineers, 
United States Army, published by Lippin- 
eott & Co,, in 1861, by authority of the 
War Department, there are given the di- 
mensions of 93 eross-sections of the Mis- 
sissippi River, commencing at Columbus, 
Ky., and extending to Fort St. Philip, some 
75 miles below the eity of New Orleans. 


Two sections, one at Osceola, Ark., the 


other at Randolph, Tenn., measured by 
Lieutenant Abbot in 1858, are, respeetive- 
ly, 6,880 and 6,080 feet in width, 195,844 
and 184,717 square feet in area, the maxi- 
mum depths being 87 and 117 feet; while 


four of the other seetions of the Mississippi | 


exceed 243,000 square feet in area, which 
M. Révy gives as the measurement of the 
same Rosario seetion during the ordinary 


flood, The claim, therefore, of “ the largest | 


measurement of a river-section yet effect- 
ed,” is hardly a valid one. The language, 
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“largest measurement yet effected,” rather 
gives one the idea that it isa pretty diffi. 
cult mutter to 
of a large river, whereas it is a eompara- 
tively simple operation, A sounding-party 
in a boat, and two observers at the extrem- 
ities of a ecarefully-measured base-line on 
shore with theodolites taking simultaneous 
observations on the sounding-boat, are all 
that is necessary to determine the section 
with great aceuraey. 

To quote again: “ While, therefore, it 
is easy to measure the velocity of the sur- 
faee-eurrent, it is difficult, beeause of this 
retardation beneath, to determine the mean 
veloeity or aetual flow of the river. This 
has never been satisfactorily done before. 
Many experiments, with a view to the ac- 
complishment of this end, have indeed been 
made by eminent men, but they have failed 
to establish the relatiouship between the 
depth of the stream and the velocity of the 
flow. M. Révy hag established that the 
velocity of a river is direetly proportion- 
ate to its depth, diminishing or inereasing 
therewith.” 

It is indeed true that many eminent 
men have oceupied themselves with this 
problem ; but whether they have failed to 
establish the relation between the velocity 
and depth is another question, though they 
certainly failed to find the relation so ex- 
tremely simple as that determined by M. 
Reéevy. In the Government publication re- 
ferred to, there is an outline of the history 
of hydraulies applied to rivers, beginning 
with the eontributions to the subject by 
Castelli, a pupil of Galileo, in 1628, and 
extending up to the date of the Report. 
And, by-the-way, Dr, Thomas Young, a por- 
trait and biographical sketeh of whom are 
in the same July number of Tae Porutar 
Seimxce Moxtuty, was a contributor to this 
subject. The numerous formuke of different 
investigators are given in the Report, all re- 
dueed to a uniform system of notation, but. 
are rather too complicated to be merely 
| copied in a letter, without the agvompany- 


measure the eross-seetion 
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ing remarks and discussions to render them 
intelligible. 

Again: “It was determined by actual 
experinient that the greatest velocity of 
eurrent is at the surface, and the least at 
the bottom; and that the inerease of veloci- 
ty ‘is in the simple ratio of the distance 
from the bottom.’ ” 

Taking this ratio as true, draw a verti- 
eal right line, to any convenient scale of 
equal parts, to represent the depth of the 
river at any given place. Then the veloci- 
tics at different depths would be repre- 
sented graphically by an inclined right 
line, the lower extremity coinciding with 
that of the vertical and the upper at 
a distanee from the upper extremity of 
the vertieal equal to the surface-velocity. 
Humphreys and Abbot did not find the 
relation so simple; they demonstrate that. 
“the velocities at different depths below 
the surface, in a vertical plane, vary as the 


abscisse of a parabola, whose axis is par- 


allel to the water-surface,” and that ‘“ the 
position of the axis in ealm weather is 
about 33; of the depth below the surface, 
whatever be the mean velocity of the river.” 
In order to deduce the relation between the 
velocity and depth, the river-depth was di- 
vided into ten equal parts, and the velocity 
of each was determined by 222 observa- 
tions; the mean velocity, which was 0.297 
D (depth) below the surface, was 3.26 feet ; 
the mean depth 82 feet. 

Very many other points of interest are 
brought out inthe Report; such as proving 
that the curve of surface-velocities is also a 
parabola, deducing the values of the para- 
meters of these curves, showing how the 
eurves are affected by winds, irregularities 
of the bottom, ete., ete, 
were deduced from an immense number of 
observations taken at different times of the 
year, different stages of high and low river, 
and at numerous points, by a number of 
careful and trained observers. In the math- 
ematical discussion of results, the most re- 
fined methods were employed. 

The current-metre used by M. Révy, 
although it is stated that he improved it 
greatly, is open to grave objections, double 
floats being preferable in point of accuracy 
in determining the laws regulating the flow 
of water in river-channels. I have never 
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used any of the patent current-metres, 
though I] have seen and examined them; 
but I have used the double-floats often 
cnough to be convinced of their utility. I 
have, however, used an instrument very 
similar in principle to the current-metre, 
one of the numerous pateut deep-sea leads, 
This instrument registered depths in fath- 
oms and quarters on an index-wheel turned 
by the rotation of a propeller, the latrer 
being so arranged as to turn the index- 
wheel on going down, but, on being drawn 
up through the water, was thrown out of 
gear, so as not to unwind the register. 

This lead I tested by over one hundred 
eareful soundings, taken at depths rang- 
ing from six to fifty fathoms, sinultancous 
soundings being taken with the patent lead 
and an ordinary lead-line. The soundings 
given by the patent lead were so utterly un- 
reliable that I discarded it, and used the 
ordinary lead-line for the entite work of 
some pretty extensive hydrographic sur- 
veys, To show that this is not merely my 
own individual opinion about this style of 
instrument, I will quote, from page 621, Re- 
port of the Chief of Engineers for 1870, the 
criticism of General Abbot upon the same 
class of instruments : 

“In my opinion, founded on a some- 
what close study of the subject, instru- 
ments of this class are pretty toys, which 
have contributed more to retard the prog- 
ress of discovery in the science of river 
hydraulics than any other one cause. This 
is due principally to the fact that they regis- 
ter their results in a kind of cipher, to which 
we can by no means be sure that we pos- 
sess the key. To translate a given num- 
ber of revolutions of a submerged wheel 
into velocity per second, and by this means 
to detect laws whose existence is denoted 
only by differences of a few tenths of feet 
in this velocity, is so delicate an operation 
that errors in the coefficient have usually 
masked the laws.” 

The subject of river hydraulics is quite 
an intricate one, and not likely to be inves- 
tigated by people generally. Therefore, an 
article on this subject in a magazine is apt 
to be read and its statements accepted with 
less of questioning than one upon almost 
any other scientific topic. 

T have been a constant reader of TaE 
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Porvtar SciexcE Moxtaty from its eom- 
meneement ; I know that it has been the 
aim to make the science of the Moxtury 
not only popular, but aecurate, and that 
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must be my apology for writing this let- 
ter. Very respectfully yours, 
Crartes E. L. B. Davis, 
First-Lieutenant U.S. Engineers, 


EDITOR’S TABLE. 


PROFESSOR NEWCOMB ON AMERICAN 
SCIENCE. 

NEW standard bas grown up in 
A modern times by which the ad- 
vance of nations may be measured. 
Hitherto, military power, extent of 
territory, historic prestige, and com- 
mereial resources, have been taken as 
the chief tests of national greatness. 
These were old barbaric standards. 
But, with the progress of civilization, 
which means the rule of reason in 
human affairs or the control of so- 
ciety by pacifie agencies, new ideals 
of what constitutes national grandeur 
are beginning to arise. The relation of 
nationalities to seience may be looked 
upon as a true test of their rank. 
euce is an agency of human ameliora- 
tion universally acknowledged, which is 
already powerful in shaping the course 
of the world’s affairs; and it is certain 
to be more and more appealed to in 
future in determining the order of na- 
tionalities in the hierarchy of civiliza- 
tion, What is the relation of a people 
to science—the highest form of know1- 
edge? How do they estimate it?) What 
encouragement do they give to its origi- 
nal investigation and popular diffusion ? 
are questions not to be neglected in our 
estimates of national character. Ilow 
does this country rank with other coun- 
tries in its appreciation of selence? is ¢ 
home question, which it is desirable to 
have clearly and decisively answered. 

In an able article, entitled “ Exact 
Science in America,” published in the 
last number of the North American Re- 
view, Prof. Simon Newcomb, Superin- 
tendent of the Naval Observatory in 
Washington, las taken up the subjeet 


Sci- 


of the state of science in the United , 


States, and brought us into comparison 
in this respect with foreign nations, 
His results are not flattering to our 
national vanity, and the inferior rank 
which we take leads lim to inquire 
into the causes of our backwardness. 
We cannot do our readers a better ser- 
vice than to state some of Prof, New- 
comb’s main positions, and look a little 
into the question he raises as to the 
cause of the present state of things, 
and what is best to be done. So im- 
portant is the subjeet, and so excellent 
its presentation, that we shall make eco- 
pious extracts from the artiele; but we 
must remind the reader that these ex- 
tracts are but fragments, and can give 
no just idea of the unity and fullness 
of the original statement. 

Prof. Newcomb confines himself to 
a consideration of the state of pure or 
exact science, “to which we are im- 
pelled by the purely intellectual wants 
of our nature,” and omits the applica- 
tions of science to the arts of life, to 
which we are impelled by practical mo- 
tives, and in which “ we should find our 
country in the front ranks of progress,” 
Beginning with mathematics, he says: 
“When we seek for published mathe- 
matical investigation in this country, 
we tind hardly any thing but an utter 
blank. Of mathematical journals de- 
signed for original investigations, sueh 
as we find in nearly every country in 


| Europe, we have none, and never have 


had any. There have been a number 
of short-lived attempts to establish 
mathematical periodicals suited to the 
state of seienee here, some of them 


' worthy of all praise; but the neces- 


sity of adapting their contents to the 
capacity of their readers prevented 
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thein from containing any thing of im- 
portance in the way of original inves- 
tigation.” Again: ‘The only place in 
which we can search for any thing in 
the shape of original contributions to 
mathematics is in the transactions of 
our learned societies ; and here we find, 
since the Declaration of Independence, 
a score or two of papers professedly 
of this character, but it is not likely 
that more than one or two of them 
contain any thing werthy of quotation 
or remark, The whole of them to- 
gether would not amount to so mueh 
as the mathematical journals of Europe 
publish in a month.” 

When we pass to the physical sci- 
ences, the prospect is said to be a lit- 
tle more enconraging. We have ac- 
tive workers of the highest character 
in experimental physies, but they are 
very few, and their productions sinall. 
“Here, as in every other science, we 
find our deficiency to increase just in 
proportion as the science becomes ex- 
act. Many branches of physics have 
attained, and nearly all the remain- 
ing branches are rapidly attaining, the 
mathematical stage of development. 
As they enter this stage, we find our 
American cultivators all dropping off.” 
In exact astronomy, we have the emi- 
nent uames of Bowditch and Peiree ; 
observatories quite comparable with 
those of Enrope, in charge of first-class 
men, “yet we do not find our astrono- 
mers engaging in investigations of the 
utmost delicacy; and the first deter- 
mination of the parallax of a fixed star 
by an American astronomer has yet to 
come.” 

Taking scientific journals and trans- 
actions as the measure of work, we have 
but a solitary periodical of the first rank 
—Stlliman’s Journal, “ Our two most 
active societies have been the Philo- 
sophical Society of Philadelphia, and 
the American Academy of Arts and 
Sciences, each of which has brought 
ont about a dozen volumes of transae- 
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Excluding societies whose publications 
are purely biological, we are not aware 
that half a dozen other volumes of trans- 
actions have appeared within the inter- 
val allnded to. Add the eighteen vol- 
umes published by the Smithsonian In- 
stitution, itself founded by a foreigner, 
and we shall have a total of between 
forty-five and fifty volumes m three- 
fourths of a century. This total, eom- 
bined product of the Sinithsonion In- 
stitution and all the scientifie socicties 
of the country is about equal to what 
either the Royal Society or the French 
Academy of Sciences publishes in one- 
third the time... 

“ The great mass of scientifie papers 
in Europe do not, however, appear in 
transactions, but in scientific journals. 
Tlere we stand at a much more striking 
disadvantage. Against a hundred and 
fifty or two hundred pages annually on 
astronomy and physics in Si/liman’s 
Journal, Germany can show us two 
journals of pure mathematies, pwblish- 
ing together three or four large vol- 
umes of matter every year—two or 
more of mathematics and physics, one 
of astronomy, and one of physies and 
chemistry. Altogether, these journals 
issue ten or eleven volumes annually, 
half of them quarto, and half octavo.” 

Making allowance for a semi-popu- 
lar element in English original contribu- 
tions, “it is probable that, instead of 
finding in England, as we do in Ger- 
many, thirty or forty times as imueh 
publication of original research in exact 
science as in America, we should find 
only five or ten times asmuch. A com- 
parison with France would probably be 
more to our disadvantage than that with 
England, as the Comptes Rendus of the 
French Academy alone contain ten times 
more matter pertaining to exact science 
than Silliman’s Journal does.” 

Tn view of these results, Prof. New- 
comb remarks: “ Making every possi- 
ble allowance, and viewing the facts 
from every stand-point, we shall be 


tions since the beginning of the century. , able to make only the most beggarly 
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and humiliating showing. What is yet 
worse, we cannot claim to be improv- 
ing our relative position, but are rather 
falling back, scientific activity increas- 
ing more rapidly in Europe than here.” 
The question now arises as to the 
cause of this state of things. ‘ Why, 
with our numerous educational institu- 
tions and our great crowd of professors, 
should our contributions to the exact 
sciences be so nearly zero?” And to 
this question he answers: “ The real 
proximate cause is found in the lack 
of any sufficient incentive to the ac- 
tivity which characterizes the scien- 
tific men of other nations, and of any 
sufticient inducement to make young 
men of the highest talents engage in 
scientific pursuits. The reason that so 
much more scientific investigation is 
done in Germany than in this country 
is, simply, that the inducements to do it 
are there so mnch more powerful.” 
Prot. Neweomb points out that, ‘in 
Germany, the seats of scientific activity 
are the universities; in France and Eng- 
land, the learned societies ;” and that, 
while in Germany it is the professors 
who make the universities, in this coun- 
try itis the universities that make the 
professors. ‘‘ Students flock to Berlin, 
not because the university is an old, 
celebrated, and good one, but to hear 
Helmholtz and Virehow. If all the 
men like these should leave the univer- 
sity, the students would follow them. 
But, in this conntry, students are not 
attracted to Harvard and Yale by the 
names of individual professors, but by 
the reputation and organization of the 
colleges.” Professors may, perhaps, be 
held in as high esteem here as in Ger- 
many, but for different reasons, The 
question in Germany is not, How much 
doves he know? but, What has he added 
to knowledge? “ What has he discov- 
ered that is new? what doubts has le 
cleared up? what fallacies has he ex- 
posed ? what increase of precision has 
he given to the subject he has studied?” 


On the contrary, in our own so-called | 
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universities, “ nothing more is expected 
of a professor than acquaintance with 
a certain defined curriculum and ability 
to carry the student through it. He 
has nothing to do but to satisty the 
appointing powcr that he understands 
what is fonnd in a certain text-book, 
and that he can teach what he knows 
to others.” He is not for a moment ex- 
pected to be an original investigator ; 
while, for the kind of work not required 
here at all, the German is held in the 
highest estimation, and may secure large 
pecuniary rewards, and a position in the 
aifections of a large body of educated 
men. 

In England and France, on the con- 
trary, it is not the nniversities but 
scientific societies which furnish the 
incentives to research. “It is a fact 
which we have to face, and which it 
wonld be folly to disguise, that our 
scientific societies do not compare with 
those of England in wealth and power, 
... The great weakness of most of 
our scientific organizations does not, 
however, consist in the want of finan- 
cial means, but in something much more 
difficult to determine and define. We 
can only say that, with a few excep- 
tions, they exhibit a total lack of cohe- 
sive power, vitality, and that undefin- 
able something which may be called 
weight and importance. However emi- 
nent may be the men who compose 
them, most of them are, as organiza- 
tions, insignificant, and exhibit the same 
liability to die from slight canses that 
weak and sickly individuals do. A his- 
tory of all the attempts to organize 
learned societies in this country would 
afford an instructive study in hnman 
nature, and might show that they died 
by causes as uniform as those which 
cause the decay and death of individ- 
uals. 2. . 

“The important fact whieh we wish 
to impress on the mind of the reader 
Is, that, when an Englishman makes any 
scientific investigation or discovery of 
merit and importance, he is considered 
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a valuable member of society, and so- 
ciety takes pains publicly to indicate its 
appreciation of his value. When we 
say that in this country one may devote 
lis life to science, and may gratuitously 
give to scientific investigation an amount 
of labor and talent which would se- 
cure him both wealth and distinction in 
any other profession, without receiving 
therefor a solitary public mark or ex- 
pression of appreciation from any source 
whatever, or the slightest additional 
consideration from the public, hardly 
any thing more is necessary to show 
that there is here comparatively little 
incentive to such work.” 

The backwardness of science in 
this country is thus attributed to the 
lack of those incentives to its cultiva- 
tion which come from public appre- 
ciation, There is talent enough, there 
are facilities enough, there is interest 
enough in research, but there is no 
sufficient externa] spur to scientific ex- 
ertion. Men will not toil where their 
labors are unappreciated, and the gen- 
eral esteem of science is too low to 
arouse and sustain the necessary am- 
bition in its original cultivators, As- 
suming this to be a correct view of the 
case, the qnestion arises, What is to be 
done? Are we to try to repeat the 
experience of Europe? In European 
countries there has been the slow and 
gradual differentiation of a scientific 
class which has its wealthy, powerful, 
and venerated organizations that form 
a kind of scientific world, the appro- 
bation and rewards of which are suth- 
cient to stimulate men to give their 
lives to research. No such class has 
been developed here. Our investiga- 
tors are too few and widely scattered, 
and their associations are too weak to 
give inspiration and support to original 
work. 
Europe has the start of us by centuries. 
We have tried to imitate the foreign 
academies and associations, but the 
effort is futile, for the lack is of scien- 
tific feeling—motive power to work— 
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It is a case of immaturity, and | 
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and that cannot be created by acts 
of corporation, Obviously, therefore, 
from the nature of our circumstances, 
scientitic development in this country 
must take a different course, and con- 
nect itself with general education and 
public opinion, As long as we rely upon 
imported methods of nurture, science 
most languish in this country, and fall 
further and further behind; but when 
the policy of the advancement of science 
is made to conform to the character of 
our institutions, when science takes the 
place to which it is entitled in our 
system of popular education, then may 
we expect such an increasing apprecia- 
tion of it as will give much stronger in- 
citement to the work of original inves- 
tigation. But in this matter of the 
popular diffusion of science it seems 
there has been even less interest here 
than abroad. Prof. Newcomb says: 

“ Our instrumentalities for commnu- 
nicating to the educated public a knowl- 
edge of the doings of the scientific world 
have, until very lately, been nearly as 
defective as our means of scientific pub- 
lication, and, notwithstanding certain 
recent improvements, are still far be- 
hind those of other nations. In Eng- 
land, France, and Germany, weekly, 
monthly, and quarterly journals of 
popular science are too numerous to 
be recounted; while, previous to the 
establishment of Tne Porriar Scr- 
ENCE Montaty by the Appletons, we 
had not in this country a single jour- 
nal designed to dittuse the. knowledge 
either of general or exact science. The 
American Naturalist, as its name im- 
plies, is devoted entirely to biology. 
One of our principal scientific wants 
has been a publication which should 
serve as a medium of communication be- 
tween scientific men and the edueated 
public, as well as between the various 
classes of scientific workers.” 

And again: ‘ Within the past three 
or four years there las. been a large 
increase in the amount of popular scien- 
tifie publication in this country, which 
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is seen in the establishment of a scien- 
.tific magazine, and in the appearance 
of ‘scientific columns’ and ‘scientific 
departments’? in many of our newspa- 
pers and magazines. But the great ob- 
ject of educating the intelligent public 
in scientific matters is very imperfectly 
fulfilled by these publications. A con- 
siderable portion of the matter they 
present to us consists of fugitive items, 
hardly more interesting or important 
than the column of daily clippings, of 
one short sentence each, which has be- 
come a feature of ournewspapers. The 
most notable exceptions have been the 
‘Seience Department’ of the Atlantic 
Monthly while it lasted; the ‘ Editor’s 
Table’ of Tue Porutar Science Montu- 
Ly, and, of late, the ‘Science Record’ 
of Harper's Magazine. Were we have 
found original discussions of scientific 
questions, and reviews of the progress 
of science by competent writers. For 
the rest of Tue PopruLtar Sctexcr 
Monrgty so much cannot be said. 
When first started, it was mostly made 
up of extracts from English publica- 
tions, and of essays, which could hard- 
ly have found a place in any other pub- 
lication, Of late, it has gradually im- 
proved by including more original mat- 
ter, and that of a better class, But it 
has never attempted to supply the great 
want to which we have referred, name- 
ly, that of making known the progress 
of science in this country; and the 
reader who wishes to learn what our 
scientific men are doing here, will find 
far more copious accounts of it in Na- 
ture, an English periodical, than he will 
in the American magazines referred 
to.” 

And for this defective state of sci- 
entific journalism, by which ‘“ the great 
object of educating the intelligent pub- 
lic in scientific matters is very imper- 
fectly fulfilled,” we beg to ask, Who is 
mainly responsible? What have our 
eminent seientific men themselves done 
toward this important work of popular 
scientific education? Is it too much to 
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say that, as a class, they have neglected 
it, and that many of them have repu- 
diated it? They have left it to half- 
instrncted men—to inen without scien- 
tific position—and, when it was poorly 
done, have cast reproach upon their 
work. Some of onr distinguished sci- 
entific men have indeed indulged more 
or Jess in popular lecturing, but often 
with vehement protests against tle deg- 
radation, and obtrusive statements that 
they did it for the sake of the money 
alone. What have they attempted, 
in any concerted or systematic way, 
through associations or publications, 
“to educate the intelligent public into 
an appreciation of the importance of 
scientific investigation ?” 

Prof. Neweomb bears witness upon 
this point when he says that, “ previous 
to the establishinent of Tae PoruLar 
Science Moxvruty by the Appletons, we 


' had not in this country a single journal 


designed to diffuse the knowledge either 
of general or exact science;” that is, 
scientific men had contributed abso- 
Intely nothing in the way of a periodical 
devoted to the promotion of their own 
most vital interests. We showed, in 
the October Moxtuzy, how the Ameri- 
can Association for the Advancement 
of Science in its organization carefully 
avoided committing itself to any agencies 
of popular influence, and deliberately 
placed itself behind the British Asso- 
ciation in this respect. If the education 
of the public to a better appreciation 
of science is the one thing needful to 
relieve this country from the odium of 
its position upon this subject, and the 
one thing necessary for the liberal en- 
couragement of a scientific class, why 
has our leading body of scientists so 
stndiously refrained from taking any 
action toward so desirable an end? The 
subject of general scientific edneation 
is now widely confessed to be of great 
public moment. The community is not 
only ripe for action npon it, but in the 
chaotie state of school instruction it is 
asking for light and guidance as to the 
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methods that shall be adopted. Telp 
should have come from men of author- 
ity, and an expression of the Ameri- 
can Association would have had great 
weight and a salutary influence with 
the people. Yet a committee was ap- 
pointed at its Portland meeting to 
report upon the subject of better meth- 
ods of general scientific instruction, 
and at the recent Hartford meeting it 
was discharged without having done 
any thing, the chairman stating that he 
had never even heard of his appoint- 
ment! This indifference, we think, is 
very much to be regretted. 

Prof. Newcomb says that Tor Pop- 


tLAR Science Monty has never at- ! 


tempted to supply the great want of 
making known the progress of science 
in this country, and is even behind the 
English periodical Nature in this re- 
spect. It certainly was not the chief 
object of the establishment of this mag- 
azine to report the doings of American 
investigators, and this for several rea- 
sons. In the first place, the field was 
already occupied by a journal of high 
character, which, with the proceedings 
of scientific societies, gave this infor- 
mation to the class most wanting it— 
the students of science. Moreover, the 
public press has latterly entered upon 
the work, and is constantly seeking for 
scientific novelties, as matters of ordi- 
nary news. Besides, as Prof. New- 
comb shows, American contributions 
to the progress of science are but an 
insignificant portion of the total work 
that is doing in the scientific world, of 
which no single periodical could give 
even a synopsis. Nor is it to be for- 


gotten that an immense amount of that | 


which is currently published as “new 
results”? has but a momentary impor- 
tance! But a small portion of such 
work stands the test of time. Of the 
score or two of original contributions 
to mathematics, published in the trans- 
actions of our learned societies since 
the Declaration of Independence, Prof. 
Newcomb assures us that ‘it is not 
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likely that more than one or two of 
them contain any thing worthy of quo- 
tation or remark.” With this enor- 
mous shrinkage of scientific values, we 
think it is quite as well that the new 
results should be tested, discussed, and 
the chaff blown away by scientific 
criticism, before the final product is 
pressed upon the general public. 

But the strongest reason why the 
Montnty has not assumed the duiy of 
reporting American scientific work is, 
that is was started for distinctly an- 
other object—namely, to interest the 
non-scientific public, and to create a 
taste for scientific literature, and an 
appreciation of scientific knowledge in 
the reading community. The general 
ignorance of science is simply deplor- 
able! The literary culture to which 
general education is committed does 
not lead to science, but, by its excla- 
sive claims and overshadowing influ- 
ence, hinders and prevents its study, so 
that, among so-called intelligent peo- 
ple, the ignorance of scientific subjects 
is so gross as to give much excuse to 
scientific men for their contempt of the 
hopeless work of its popularization. 
Between the state of mind of learned 
scientific explorers and that of the 
mass of magazine-readers thronghout 
the country the gulf is already wider 
than the Pacific Ocean, and is con- 
stantly widening. As regards science, 
there is very little that is common be- 
tween them. But a journal which 
aims to influence a non-scientific public 
must be somewhat suited to its state 
of mind, or it will not be read. Were 
we to fill the Monrnty with the re- 
sults of laboratory processes and observ- 


| atory work, or with that which most 


concerns investigators, it might rise in 
appreciation with them, but it would 
not be wanted by the people, as all 
experience with such publications has 
shown. The public needs rudimentary 
explanations much more than the “last 
results” of science. The theory of this 
periodical is, that those who write for 
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it shall turn their backs upon the scien- 
tific world, and address themselves to a 
class so uninstructed in scientific mat- 
ters that every thing requires to be 
explained. That we have realized this 
ideal is not claimed; but, granting that 
“the great object of educating the in- 
telligent public in scientific matters is 
very imperfectly fulfilled” by this pub- 
lication, we have Prof. Newcomb’s au- 
thority that it was not fulfilled at all 
by any previous periodical in this coun- 
try. Our enterprise had no precedent, 
and, such were its obvious difficulties, 
that, at starting, it was generally sup- 
posed it would be a failure. We are 
quite aware of its shortcomings, and, 
thanking Prof. Newcomb for the rec- 
ognition of its improvement, we hope 
that it will continue to grow better. 
But, as our pages attest, it has not 
been unmindful of the advances of in- 
quiry, though it has given prominence 
to those extensions and widenings of 
scientific thought in which we believe 
the public has a growing interest; for 
the advance of science does not merely 
consist in new physical and chemical 
experiments, new mathematical solu- 
tions, or astronomical discoveries; it 
consists quite as much in scientific 
modes of thinking applied to subjects 
not hitherto dealt with by such meth- 
ods. The great difliculty is, that the 
instruments, processes, problems, and 
general subject-matter, of advanced in- 
vestigation are so completely removed 
from general experience; and the pub- 
lic interest, we think, can never be 
serionsly enlisted in scientific inquiries 
until they take account of phenomena, 
facts, and questions, that fall within the 
range of familiar observation and coim- 


mon thought. That the public is to-day | 


far more interested in the relations of 


science to religion than they are in sci- | 


ence itself, is because one terin of the 
relation is so thoroughly familiar to the 
general mind, 
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LITERARY NOTICES. 


Ture PnysioLogy or Man: Designed to 
represent the Existing State of Physio- 
logical Science, as applied to the Fune- 
tions of the Tuman Body. By Austiy 
Fut, Jr, M. D. In Five Volumes. 
Volume V. Special Senses; Genera- 
tion, New York: D. Appleton & Co. 
517 pages, Price, $4.50. 

Tue fifth and concluding volume of Dr. 
Flint’s comprehensive work on physiology 
is now published, and we congratulate the 
author upon the completion of his task and 
the success of its execution. We gave a 
brief account of the general object of the 
work, in noticing a previous volume, and 
have only now to say that the concluding 
book of the series not only sustains, but sur- 
passes, the high character won by its prede- 
cessors, while the whole work—the product 
of eleven years’ labor—is an honor to its 
author and a ercdit to the science of the 
country. 

The literary merit of these volumes, we 
think, deserves especial recognition; that 
is, their style is admirably adapted to its 
purpose of conveying clear impressions to 
the reader with a minimum of effort on his 
part. To the general reader, there is neces- 
sarily a certain amount of hindrance from 
the use of the unfamiliar terms of the sci- 
ence; but, in no first-class work upon the 
subject, that we remember, is there so little 
embarrassment on this score as in that of 
Dr. Flint. In his style he has attained the 
excellence of a lucid simplicity, one of the 
perfections of art which is the more re- 
markable, as, being a laborious experimental 
physiologist, busy firstly and mainly with 
his science, he eauvot have had much time 
to spare for literary discipline. It is a gen- 
eral fault with our scientists, that they too 
much neglect literary cultivation, and break 
down in the arts of statement; Dr. Flint is 
not open to this criticism. Tlence, while 
his work will have an increasing value for 
physiological students, it has also peculiar 
claims on non-professional readers who may 
care to consult an elaborate treatise upon 


| the subject. 


In regard to the original character of 
the work, and its claims as a whole fairly 
to represent the present state of the science, 
the author says, in bis preface: 
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“Tn the preparation of this work, the 
author has formed his opinions, to a great 
extent, from the results of direct observa- 
tion and experiment, as the true basis of 
what is positively known in physiology ; 
and, while the earlier volumes might be 
modified by the addition of new facts, they | 
contain comparatively little that has been 
disproved by recent investigations, Ex- 
perimental observations have been studied 
and criticised from a practical point of 
view ; and in this the author's training, as 
an experimentalist and a public teacher for 
more than fifteen years, has given him a 
eertain degree of contidence. It is the 
practical physiologist who is best qualified 
to judge of the correctness of physiological 
experiments, and of the accuracy of meth- 
ods of investigation; and the author has 
learned, from his own attempts at original 
observation, to estimate the difficulties of di- 
rect research, and to appreciate the inaccu- 
racies into which careless, inexperienced, or 
over-enthnsiastie workers are liable to fall.” 


Evorrtion and Progress: An Exposition 
and Defense, The Foundation of Evolu- 
tion philosophically expounded, and its 
Arguments suecinetly stated. By Rev. 
Wituram I. Gint, A. M. New York: 
Authors’ Publishing Company, 80 Bond 
Street. 295 pages. Price, $1.50. 

Tris little volume has some striking 
characteristics which take us somewhat by 
surprise. It is a prize essay of the Au- 
thors’ Publishing Company, and a_thor- 
oughgoing defense of the doctrine of Evo- 
lution by a working orthodox clergyman, 
Its dedication is significant of the progress 
of catholic views, such as we hardly expeeted 
to see in this generation: ‘To Herbert 
Spencer, Esquire, and the great brother- 
hood of evangelical divines, the author 
dedicates ‘Evolution and Progress,’ in to- 
ken that the full complement of truth must 
ensphere all the antipodes of thought.” The 
volume is mainly a discussion of the prin- 
ciple of Evolution in its highest philosophi- 
cal aspects, and the argument is conducted 
in the most interesting manner, by taking 
up the objections of its leading opponents, 
as Dawson, Winchell, and Bowne, and its 
guasi opponents, as Dr, Carpenter and Prof. 
Le Conte. The author writes from his 
point of view as a clergyman, not in the 
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narrow professional sense, but as an un- 
compromising devotee of truth in its unity 
and completeness, He has his own views, 
and, while accepting Evolution in its broad- 


| est sense, and shrinking from none of its 


consequences, he yet bolds it to be but a 
part of a larger order of philosophy yet to 
be worked out. In his preface, he says: 


“For himself, the writer cares very little 
for Evolution as an ultimate system of phi- 
losophy. We think its method, so far as it 
goes, is philosophieal, its arguments sound 
and Jogieal, and its conelusions invulnerable 
against any thing that has yet been brought 
to bear against them. But we want, how- 
ever, to go farther and get something broad- 
er and more profound — something that 
leaves intact what Evolution has diselosed, 
but finds it a place in a larger seheme, and 
ennobles it by the new and higher relations 
into whieh it is thus brought. But incom- 
prehensive and uncomprehending dogma- 
tism, whether for or against Evolution (for 
it belongs to both sides), stands in the way, 
and demands that progress shall be in a cir- 
ele. But it is orthodox dogmatism which, on 
this subject, is most obstructive of progress ; 
and it therefore requires to be startled, if 
not stunned, into the pereeption of its phil- 
osophieally defenseless and helpless con- 
dition, so as to make it see a new light, and 
accept the offer of more effective weapons. 
Kant confessed that the skepticism of Hume 
broke the dogmatic slumbers which he was 
indulging on the iron bed of the Leibnitzo- 
Wolfian philosophy, and thus qnickened the 
world afresh into thought. Evolution is 
surely destined to perform the same offiee 
more healthfully for the eomplaeent slum- 
berers of this age, whether physieal, meta- 
physical, or theological slumberers. To 
make a small contribution toward this re- 
sult, is the object of this monograph, 

“ There are many who are crying, ‘ Peace, 
peace!’ where there is no peaee; and they 
are healing their theologica) hurt sligbtly— 
daubing with untempered mortar. They 
bless their superannuated philosophy with 
the wild belief that Evolution is beeoming 
exhausted—going off into a deeline, and that 
it will soon die of inanition, On the con- 
trary, it is like the mountain-stream, making 
fresh acquisitions, and increasing in strength 
and volume as it rolls; and must continue 
so to do till it is lost in the ocean. Evolu- 
tion is now made the foundation of religious 
rationalism in England and America; and 
the best foundation it has ever had—one 
which can easily be exhibited to the com- 
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mon people; and the ‘liberal’ pulpit is be- 
coming fervent and attractive in its efforts to 
show how the Gospel ean be and should be 
accommodated to Spencerianism, and how 
this system furnishes the best philosophy 
of religion. Practically, therefore, it 1s not 
to be ignored and pooh-poohed, or treated 
with indifference by the evangelicals, as 
some of them atfect to do. Never was 
thought so active as it is to-day, and never 
was there so large a number of great and 
cultured and eminently virtuous and dis- 
passionate minds who doubt or disbelieve 
the existence of a personal Deity. Whither 
are these facts pointing ?” 


The author thus explains the origin of 
his work: 

“This book was at first designed only as 
a brief essay, as a private discussion with a 
friend, and it originated as follows: Con- 
versing with Prot. B., of —— Theological 
Seminary, I asserted that the orthodox do 
not understand their opponents, that in the 
present state of philosophy Evolution can 
be rigidly maintained and triumphantly vin- 
dicated against all the assaults of Theism, 
and that the latter will have to adopt an en- 
tirely new method of defense and attack; 
and, as the professor disputed this, I prom- 
ised to prove it in a short article, which now 
turns ont to be a book. The object, there- 
fore, of this volume is complex—first, to 
show to the orthodox that they stand on 
slippery places, that their philosophy and 
logic can afford them no levitimate aid 
and comfort; second, to show to the quasi- 
evolutionists that there is no medium be- 
tween atheism, or non-theism, and the re- 
jection of their own principles of science 
and philosophy ; third, to show to the thor- 
ough naturalistic evolutionists that there is 
at least one man among the orthodox who 
thoroughly understands them—knows them 
better even than they know themselves— 
and who grants them all their principles, 
better expounded, and admits their legiti- 
mate consequences ; and, fourth, that there- 
tore the author must accept not only these 


principles, but also these consequences, un- | 


less he can furnish a new philosophy which 
shall use these acknowledged principles in 
combination with others, and thus attain 
other, or, rather, higher results. This the 
author believes to be possible, and that he 
is called to attempt it.” 


Tn conelusion, Mr. Gill says : 


‘* We by no means consider the doctrine 
of Evolution, even in the most advanced 
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philosophical state in which it has been pre- 
sented, to be an all-comprehending philo- 
sophical ultimatum. We hold that it is just 
in its conclusions from its premises, and 
that its premises are indisputable. But 
there are broader and profounder truths 
yet undeveloped, which are partially and 
falsely discerned, and ignored or rejected ; 
truths which, when fully expounded in their 
legitimate connections, will show that Evolu- 
tion, instead of being the ultimate philos- 


; ophy of the universe as it now appears, is 


infinitely subordinate ; and these truths will 
introduce and demonstrate an infinitely sub- 
limer theory, which will comprise Evolution 
as avast temple comprises each cf its most 
miniature figures, or as the material universe 
comprises each of its countless atoms. 

“The theory of Evolution contains a 
body of facts, of deduetions, of inductions, 
and of generalizations, so irrefragably true 
that, though they may be subsequently cov- 
ered by further discoveries of facts and by 
deductions and inferences and broader gen- 
erajizations, they cannot be overthrown; 
or, in other words, they may be absorbed, 
but cannot be refuted. We propose to cover 
and absorb them. . . . 

“The absolute unity of the known uni- 
verse is no longer to be questioned, and as 
now conceived it precludes a personal Deity 
and our personal immortality. Now the 
great problem is: Can we expound this 
unity so as to prove a personal Deity and 
our personal immortality! With cmphasis 
I answer—YEs.” 


AytaL Mecuanism. <A Treatise on Terres- 
trial and Aérial Locomotion. By E. J. 
Maney, Professor of the College of 
Franee. Profusely ilnstrated. 283 pages. 
Price $1.75. D. Appleton & Co. No. 
XI. International Seientitic Series. 

Tue author of the present work, it is 
well known, stands at the head of those 
physiologists who have investigated the 
meehanism of anima] dynamies; indeed, we 
may almost say that he has made the sub- 
ject his own. By the originality of his 
conceptions, the ingenuity of his construc- 
tions, the skill of his analysis, and the per- 
severance of his investigations, he bas sur- 


| passed all others in the power of unraveling 


the complex and intricate movements of 
animated beings. We last month gave an 
exemplification of his method in the ease 
of human locomotion, and in the present 
number of the MontuLy we continue the 


LITERARY 


subject by briefly showing his mode of 
studying the various paces of the horse. 
The volume deals systematically and thor- 
oughly with this whole subject, and is full of 
novelty and curious interest. Prof, Marey’s 
elucidation of the mechanism of flight in 
birds and insects is one of the most exqui- 
site pieces of experimental investigation 
that modern scienee affords. The fertil- 
ity of his devices, by which the varied re- 
sults are brought out in all their exactness 
to the eye, by the graphic method of illus- 
tration, is a svuree of constant surprise to 
the reader. He makes pictures of all his 
facts and laws. Of course the value of sueh 
investigations stands upon their own scienti- 
fic merits, but they have a peculiar attract- 
iveness as connected with the phenomena 
of life in which we are alf concerned. Yet 


there can be no greater mistake than to | 


suppose that such researches are destitute 
of practical utility. Upon this point Prof, 
Marey has the following excellent remarks 
in his introduction: 

“The comparison of animals with ma- 
chines is not only legitimate, it is also ex- 
tremely useful from different points of view. 
It furnishes a valuable means of making the 
mechanical phenomena which occur in liy- 
ing beings understood, by placing them 
beside the similar but less generally known 
phenomena which are evident in the action 
of ordinary machines. In the course of 
this book, we shall frequently borrow from 
pure mechanics the synthetical demonstra- 
tions of the phenomena of animal life. The 
mechanician, in his turn, may derive useful 
notions from the study of Nature, which will 
often show him how the most complicated 
problems may be solved with admirable 
simplicity. 

“Tt is easy to demonstrate the impor- 
tance of such a subject as locomotion, 
which, under its different forms, terrestrial, 
aquatic, and aérial, has constantly excited 
interest. Whether man has endeavored to 
utilize to the utmost his own motive power, 
and that of the animals; whether he has 
sought to extend his domain, to open a 
way for himself in the seas, or rise into the 
air, it is always from Nature that he has 
drawn his inspirations. We may hope that 
a deeper knowledge of the different modes 
of animal locomotion will be a point of de- 
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parture for fresh investigations, whence fur. 
ther progress will result, 

“Every scientific research has a power- 
ful attraction in itself; the hope of reaching 
truth suffices to sustain those who pursue 
it, through all their efforts; the contempla- 
tion of the laws of Nature has been a great 
and noble source of enjoyment to those who 
have discovered them. But to humanity, 
science is only the means, progress is the 
aim. If we can show that a study may lead 
to some useful application, we may induce 
many to pursne it, who would otherwise 
merely follow it from afar, with the interest 
of curiosity only. Withont pretending to 
recapitulate here all that has been gained 
by the study of Nature, we shall endeavor 
to set forth what may be gained by study- 
ing it still further, and with more care. 

“Tf we knew under what conditions the 
maximum of speed, force, or labor, which 
the living being can furnish, may be ob- 
tained, it would put an end to much dis- 
cussion, and a great deal of conjecture, 
which is to be regretted. A generation of 
men would not be condemned to certain 
military exercises which will be hereafter 
rejected as useless and ridiculous. One 
country would not crush its soldiers under 
an enormous load, while another considers 
that the best plan is to give them nothing 
to carry. We should know exactly at what 
pace an animal does the best service, 
whether he be required for speed, or for 
drawing loads; and we should know what 
are the conditions of draught best adapted 
to the utilization of the strength of animals. 

“It is in this sense that progress is be- 
ing made; but, if we complain with reason 
of its slow advance, we must only blame 
our imperfect notion of the mechanism of 
locomotion. Let this study be perfected, 
and then useful applications of it will soon 
ensue. 

“Man has been manifestly imspired by 
Nature in the construction of the machinery 
of navigation. If the hull of the ship is, as 
it has been justly described, formed on the 
model of the aquatie fowl, if the sail has 
been copied from the wing of the swan in- 
fluted by the wind, and the oar from its 
webbed foot as it strikes the water, these 
are but a small part of Nature’s loans to 
art. More than two bundred years ago, 
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Borelly, studying the stability and displace- 
ment of fish, traced the plan of a diving- 
ship constructed upon the same principle as 
the formidable monitors which made their 
&ppearanee in the recent American war. 

‘* Aérial locomotion has always exeited 
the strongest curiosity among mankind. 
llow frequently has the question been raised, 
whether man must always continue to envy 
tue bird and the insect their wings ; whether 
he, too, may not one day travel through 
the air, as he now sails across the ocean! 
Authorities in science have declared at dif- 
ferent periods, as the result of lengthy eal- 
culations, that this is a chimerical dream; 
but how many inventions have we seen 
realized which have also been pronounced 
impossible! The truth is, that all interven- 
tion by mathematies is premature, so long 
as the study of Nature and experiment have 
not furnished the precise data which alone 
ean serve as a sound starting-point for cal- 
culations of this kind.” 


Tne Maintenance or Heauru, By J. Min- 
NER ForuerGiii, M.D, London: Smith, 
Elder & Co. New York: G. P. Put- 
nam’s Sons. 899 pp, 8vo. Price, $5.00, 


Tins is a useful work on hygiene, and, as 
all intelligent hygienie action must he based 
upon some knowledge of the human subject, 
it opens with a description, in outline, of the 
composition of the body, of its various or- 
gans, the funetions they perform, and the 
relations of food, exercise, and sleep, Then 
follows a consideration, in the natural order, 
of youth, maturity, and old age, with the 
dangers ineident to each, and the precau- 
tions necessary. 

In treating of the first stage, allusion is 
made to a danger little known and less 
heeded by people in general: this is, the 
effect upon children of violent outbursts of 
anger in parents and nurses. The young 
wife, by yielding to anger under the trials 
of her newly-assumed position, may doom 
her unborn babe to an imbecile existence. 
“The majority of imbeciles are first-born 
children, and their pitiful eondition is the 
consequence of the mental perturbations 
during the term of pregnancy.” Again ; 
“Tn sucklings, too, mental disturbanee in 
the mother or wet-nurse will commonly 
produee indigestion and diarrhea in the 
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baby.” Nor does the danger end with in- 
fancy. Nearly every one has observed the 
deplorable influence which capricious pa- 
ternal anger exercises upon children, some 
being made gloomy and morose thereby, 
others stubborn and revengeful. In con- 
nection with children advanced beyond the 
period of infaney, the author deplores the 
aversion, which they at the present day dis- 
play, to eating fat, and recommends that 
parents should persistently endeavor to 
counteract it. He says: ‘“ Fat is most 
necessary to the proper growth of tissues, 
and, such being the case, is still more ne- 
cessary to children.” Without it, children 
grow up Jean and spare. 

The consideration of the causes of dis- 
eases in maturity is worthy of special at- 
tention. One of the most subtile of these 
causes, beeause little thought of, is the de- 
cay of the teeth. This is said to be on the 
increase, and is mainly attributed to ex- 
cessive consumption of sugar, and the use 
of dentifrices. ‘Many dentifrices contain 
an acid which, by constantly eating away 
a thin surface of the enamel, keeps the 
teeth brilliantly white, but in time leads to 
their utter destruetion.” 

Certain silly young ladies, who resort to 
the drinking of vinegar or the eating of’ 
raw rice, to avoid growing fat and florid, 
will be edified to learm that the amount of 
vinegar which will make them thin will de- 
stroy their digestive powers, and that a 
similar quantity of rice will produee habit- 
ual constipation, and prevent the assimila- 
tion of food. 

In advanced life, many persons suffer 
mueh from inability to sleep. Moderate 
exercise during the day, and, at night, beds 
warmed before retiring, are recommended 
as the best remedies. In obstinate cases, a 


| little aleoholie stimulant, mixed with warm 


water, may be taken to advantage just after 
entering bed. An important chapter is de- 
voted to food and clothes, and another to 
stimulants and tobaeeo, The recent classi- 
fieation of alcohol as a food is adopted, and 
its use in small quantities considered harm- 
less; in certain cases beneficial. Tobacco 
is also considered harmless in moderate 
quantities, 

The chapter on mental strain, over- 
work, and tension, deserves a careful pe- 
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rusal. Men unfamiliar with the symptoms 
of an approaching breakdown of their 
mental powers, frequently work on blindly 
antil comes the fall from which no power | 
Sleeplessness is one of the 
most signifieant warnings, and should never 
pass unheeded. In this connection, the 
author's remarks on the use of chloral hy- 
drate, as an agent for promoting sleep, 
serve as a timely warning against that 
deadly remedy. Its action on the nerve- 
eentres is destructive, and it produces a 
permanent condition of brain-bloodlessness 
fatal to mental vigor, Hygiene is the sub. 
ject of an able discussion. The book will, 
unquestionably, prove of great value to 
those who read it carefully. It is not, 
however, intended as a family prescrip- 
tion-book, but as a safegnard against dis- | 
ease. 
advises that the family physician be sent for. 


ean lift them, 


In every case of actual siekness, it 


Cave-Huntixe: ResEARCHES ON THE Evi- 
DENCE OF CAVES RESPECTING THE EARLY 
INHABITANTS OF Evrope. By W. Boyp | 
Dawarss, M. A., F.R.S., ete. London: 
Macmillan & Co, 455 pp. 8vo. Price, 
$7.00. 

Tne pretatorial remarks of the author 
announce that this book is a faint outline 
of a new and vast field of researeh, intended 
to give prominence to the more important 
points, rather than a finished and detailed 
history of eave-exploration. 

Caves have in all ages, and in all eoun- 
tries, been regarded with feelings of super- 
stitious veneration; here, as the dwelling- 
places of the sibyls and nymphs, there, as 
the shrines of Pan, Baechus, Pluto, the seat 
of the oraeles of Delphi and Mount Cytha- 
ron, and in the far East they were connected 
with the mysterious worship of Mithras. 
These feelings long seeured them from in- 
trusion and exploration, At length, in the 
sixteenth and seventeenth centuries, they 
were thrown open for examination by the 
desire whieh then arose in Germany to 
possess the “ebur fossile,” or “ unicorn’s 
horn,” a supposed infallible specific for the 
eure of many diseases. The ‘ unieorn’s 
horn” was to be found in the eaves, and 
the seareh for it revealed the remains of 
lions, hyenas, elephants, and many other 
tropical or strange animals. At first these 
remains were supposed to have been washed 


thither from the tropies by the Deluge. 
Then the truth began to dawn that the 
animals lived in the surrounding country, 
and that the bones of such as were not 
eave-haunting were dragged into the caves 
by such as were. This truth was first ennn- 
ciated by Rosenmiiller in 1804. Between 
1825 and 1841, an Englishman, the Rev. J. 
McEnery, discovered in Kent’s Tole, near 
Torquay, the first ‘flint implemeits ” ever 
observed, in a cave along with the bones 
of extinet animals, and he suggested that 
they proved the existenee of man at the 
same time with those animals. But he 
died in 1841, leaving his suggestion seorn- 
fully repudiated by the seientifie world ; 
although, in 1840, Mr. Godwin Austin, by 
independent researches, verified its truth. 
It was not until] after 1859 that the signifi- 
eance of this discovery came to be generally 
perceived and admitted, It, of course, im- 
mediately revolutionized the prevailing no- 
tions of the antiquity of man, while the pre- 
viously-accepted theory of Rosenmiiller un- 
mistakably indicated the occurrence of re- 
markable geographieal and climatal changes 
over the continent of Europe. The work 
before us traces the rise and progress of 
eave-exploration ; considers the physical 
history of caves, that is, their formation, 
whether by sea or voleanic action; enu- 
merates the most remarkable caves, with 
the objects they have yielded ; treats of the 
character of the early inhabitants of Europe, 
and of the fauna of the same period, as in- 
dicated by the remains discovered ; and, 
finally, of the climatal and geographical 
changes that have occurred since those de- 
posits were made, The style is elear and 
vigorous, and the text is interspersed with 
numerous illustrations. The work will com- 
mend itself to all who have a desire to know 
something of what humanity was in that 
hazy period which stretches backward of 
the earliest records. 


| Lecrure Nores oN QUALITATIVE ANALYSIS, 


By Heyry B, Nini, A. M. (Assistant Pro- 

fessor of Chemistry in Harvard College), 

New York: G, P. Putnam's Sons. 54 

pp., l2mo. Price, 75 cts. 

Tunis little book is designed for the use 
of the chemical student, Explanatory of 
its object, the author says, in his preface, 
that, during lectures, the student being 
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under the necessity of taking notes, is often 
prevented from seeing what takes place on 
the leeture-table. The book is intended to 
give concisely the facts essential to intelli- 
gent work in the laboratory, that the stu- 
dent may have more leisure for observation 
in the leeture-room. The work shows the 
divisions of the bases and the acids into 
groups, as well as the means of detecting 
them ; also directions for the examination 
of specimens, the reactions of various sub- 
stanees under different circumstances, and 
the method of treating them with water 
and with aeids. 


Devrscur Ruxpscuav. Herausgegaben von 
JuLics Ropenserc. Monthly. 810 per 
anuum, 

Turis is the first number of a Review, 
intended to oeeupy, in German periodical 
literature, about the same rank that is held 
by the Revue des Deux Mondes in the peri- 
odical literature of France. Like its French 
prototype, it will contain novelettes and con- 
tinued stories, historical sketches, politieal 
articles, seientific essays, poems, ete., to- 
gether with book reviews, criticisms of 
musie and the drama, and political notes. 
The seientific article in the present number 
is entitled “ Botanical Problems,” 
written by Prof. Ferd. Cohn, of Breslau. 
Stechert & Wolff, 4 Bond Street, New York, 
reecive subscriptions for the Deutsche Rund- 
schau in the United States. 


and is 
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Dees the Earth rotate at a Uniform 
Rate !—In the September number of Sidi- 
mai’s Journal, we find a remarkable paper 
by Prof. Neweomb, of the Naval Observa- 
tory, Washington, to the conclusions of 
which we wish to call the attention of our 
readers, 

Prof. Newcomb, who has for some time 
heen engaged on the most difficult problem 
of celestial meehanics—the ‘Theory of the 
Moon's Motion’”?— published, in 1870, a 
paper referring to some of the difficulties 
in this theory, He has treated the lunar 
theory in quite an original and exhaustive 
manner, and, in the course of his investiga- 
tions, arrived at the fact that there were 
eertain outstanding differenees between the- 
ory and observation which had not yet 
been aecounted for by the gravitation of 
the known bodies of the solar system. Prof. 
Neweomb suggested that there were only 
three possible explanations of the diserep- 
aney: 1, The mathematical analysis was not 
sufficiently extended ; 2. The motion of the 
moon was affected by some force different 
from gravitation; 3. The time of the earth’s 
rotation on its axis was not constant. 

The second bypothesis Prof. Newcomb 
showed was not at all probable, since the 
effects of a foree other than gravitation 
would produce variations of a different 
kind from the ones actually noticed: the 
first hypothesis Prof. Neweomb has, since 
1870, been engaged in testing, and his re- 
searches have convinced him that analysis 
has taken cognizance of every important in- 
equality in the moon’s motion. This makes 
it necessary to examine rigorously the third 
hypothesis, viz., that the earth’s time of ro- 
tation on its axis is not strictly uniform. 

This explanation is, at first sight, some- 
what startling, since the absolute uniform- 
ity of the sidereal day has long been sup- 
posed certain. Prof. Neweomb’s researches 
in 1870 led him, however, to the conelusion 
that the earth had been rotating somewhat 
slower than the average rate for ten or 
twenty years previous to 1860; that about 
1860 the rotation was accelerated, go that 


was a gain of ad least a second per 


. 
72, 


there 
annum till about 18 
This hypothesis would, we must re- 
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member, aeeount for the inequalities in 
the moon's motion, but it rested ou uo 
independent basis. Since that time, Prof. 
Neweomb has devised a method of testing 
this question by totally different means, 
viz., by an examination of the eclipses of 
Jupiter's first satellite; and this test has 
been applied by Mr, Glasenapp, an axtrono- 
mer of Pulkova. Mr. Glasenapp’s researches 
indicate with great certainty that the earth’s 
rotation is not strictly uniform, and that 
Prof. Neweomb’s hypothesis is sustained. 
The accurate determination of the amount 
by which the earth is fast or slow is yet to 
be reached, but we must aecept two im- 
portant facts as probable: 1. That the 
earth's rotation time is not strietly con. 
stant. 2, That the inequalities in the 
moon's motion are largely, if not wholly, 
due to this. 


Growth and Reproduction of the Ant- 


Jers of the Deer.—Johu Dean Caton, whose | 


observations on the natural history of the 
American Cervide are familiar to the read- 
ers of Mr, Darwin’s writings, eontributes to 
the American Naturalist for June an iin- 
portant paper on the “Structure and Cast- 
ing of the Antlers of Deer.” He shows, in 
the first place, the substantial identity of 
structure between the antlers and the ordi- 
nary bones ; in faet, the antlers are external 
bones, of very rapid growth, which mature 
speedily, die, and are soon thrown off; while 
all other bones are very slow of growth, and 
persist through life. 

The process of growth is as follows: The 
old antler having fallen off, the blood-ves- 
sels of the periosteum at its butt are rup- 
tured, produeing a copious flow of blood. 
Next, the periosteum grows over the eavity 
in the top of the pedicel, or process of the 
skull on which the antler stood. On the 
approach of spring, this eovering becomes 
inflamed, resembling a blood-blister. It 
rises up rapidly, new systems of blood-ves- 
sels forming in it, till its height is twice its 
diameter ; then an osseous deposit is com- 
menced at the cireumferenee of the top of 
the pedieel. As this deposit rises it thick- 
ens very slowly, the upper extremity pre- 
senting a thin, serrated edge. Blood-vessels 
from the periosteum traverse this tissue, 
supplying it with nourishment. This is the 


source of supply from without ; but there 
are internal sourees also, viz., arteries pass- 
ing up through the pedicel, and answering 
to the medullary arteries of long bones. 

At the extremities, first, the deposit of 
earthy salts goes on till this fills up the 
canals leading from the periosteum into the 
bony mass, so that the cireulation through 
them is obstructed ; and this process goes 
ou till all communication between the in- 
ternal and the external blood-vessels is sev- 
ered, The animal is now prompted, by 
some natural impulse, to rub off this outer 
covering, while it is gorged with blood. 
The eavities in the branches and the upper 
portion of the beam soon become hardened 
throughout, and the solid wall in the lower 
part much thiekened. Before the eentral 
section has become solid, the nutrient ves- 
sels are obstructed below, and the deposit 
of bony particles arrested, while yet the 


larger portions of the antler are more or 


Jess porous. This makes tlic antler lighter, 


without seriously diminishing its strength, 


| for its walls are braced within, in every im- 


aginable direetion, by thin plates of bone. 

In the mean time, the lower extremity, 
too, becomes more and more eompaet, and 
the pedicel, whieh, during the active growth 
of the antler, was open and porous, com- 
mences a new deposit of lamine in its eavi- 
ties. But now, all sourees of nutriment 
having been eut off, the antler dies, and is 
removed by a singular process, One of 
the systems of blood-vessels which supply 
nutriment to the growing antler commences 
active operations to undermine it. The ab- 
sorbents of these blood-vessels attack the 
point of junetion between the antler and 
the pedicel. They do not carry away the 
surface of the bone evenly, so as to make 
it smooth, but, as it were, they remove al- 
ternate particles, till the union, which be- 
fore was so firm that no force could break 
it at the point of juncture, has beeome so 
weakened that the antler is detached by 
some slight violence. 


A Remarkabje Seuth American Valley.— 
Aceording to fren, the upper valley of the 
Rio Madeira, one of the chief tributaries of 
the Amazons, rivals California and Austra- 
lia in mineral wealth. This valley, which 
contains about 400,000 square miles, is mar- 
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velously rich in every South American prod- 
uet of value, Its eastern and central parts, 
the Bolivian provinces of Cordillera, Chiqui- 
tos, and Beni, were first settled by the Jes- 
uits, who penetrated northward from their 
settlements in the valley of the Rio de la 
Plata, and organized numerous “ redue- 
tions” of the native tribes, and founded 
many prosperous towns. These, however, 
were always cither on the banks of navi- 
gable streams, or within easy reach of them. 
In the extreme eastern part of the Madeira 
Valley is the Brazilian provinee of Matto 
Grosso, abounding in valuable agricultural 
produets, and gold and diamond washings, 
Owing to its inaccessibility, it is very thin- 
ly populated, but no doubt, in the future, 
will be one of the most prosperous states 
of the Brazilian Empire. At present, it is 
one of the most unprotected frontiers of 
that country, being almost at the merey of 
the states of the La Plata Valley in case of 
war, 

Ascending the upper central and west- 
ern rivers of the Madeira Valley, we come to 
the richest of all the slopes of the Andes, 
well populated by the Spanish race, mixed 
with Quichua and Aymara Indians, the In- 
dian element being probably the best on 
the American Continent. The Bolivian 
part of the valley eontains about 2,500,000 
people, the Indian blood slightly predomi- 
nating, At the date of Bolivian indepen- 
denee, 1825, the population was under 
1,000,000, The country in which they live 
is, without exeeption, the richest on the 
globe, in every thing that Nature gives to 
man. Its mineral wealth cannot be matched 
within an equal area on the Western Con- 
tinent. The number of silver-mines opened 
there during Spanish rule might appear 
fabulous, were they not registered in the 
archives of the state: they exeeed 10,000! 
From the banks of the little streams which 
feed the Beni branch of the Madeira, gold 
may be washed almost anywhere. In faet, 
the whole slope of the Andes, in an immense 
sweep of 1,000 miles, extending from Cuzeo 
to Matto Grosso, is a vast gold-placer. 


A Rare Species of Rabbit.—In Prof. Hay- 
den’s “‘ Report of the Geological Survey of 
the Territories ” for 1872, Mr. ©. H. Merriam 
deseribes a very rare species of rabbit 
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(Lepus Bairdii) inhabiting the pine-regions 
about the head-waters of the Wind and Yel- 
lowstone Rivers, in Wyoming. Mr. Merriam 
secured five specimens of this animal, which, 
with the exception of one placed in the Smith- 
sonian collection by Prof. Hayden, in 1860, 
are the first individuals of the species that 
have been brought before the seientitic 
world, One very curious faet relating to 
Baird’s rabbit is, that all the males have 
teats, and take part in suckling the young! 
Four out of the five specimens were adult 
males, and they all had large teats full of 
milk; and the hair around the nipple was 
wet, and stuek to it, showing that, when 
taken, they had just been engaged in nurs- 
ing their young. As no females were found, 
Mr. Merriam thought this might be an her- 
maphrodite form; so he and Dr. Josiah 
Curtis dissected a large male, which was 
found to contain the usual male genital or- 
gans, but no uterus, ovaries, or other female 
organs. Another old male wag dissected, 
with the same result. 


Steel Bars for Bells.—An item has long 
been on its travels both in England and this 
country, announcing steel bars as a cheap 
and efficient substitute for bells in churches, 
factories, ete. To numerous letters of in- 
quiry onthe subjeet, we have been obliged 
to reply that we knew nothing of the kind 
either here or abroad. The London Builder, 
having been similarly questioned, has lately 
taken the trouble to examine the matter, 
and the following is the only foundation for 
the statement it has been able to discover: 

On the 28th of July, 1873, a provisional 
specifieation only was granted by the Eng- 
lish Patent-Office to Ferdinand Rahles and 
James Dixon Mackenzie, for new or im- 
proved bells, or bar-bells and apparatus con- 
nected therewith, This invention consists 
of sounding instruments made from bars 
of steel, or other metal compositions, of a 
straight or curved form, producing musical 
notes or sounds. These bars are made of 
any suitable weight or dimensions, aceord- 
ing to the power of sound desired. They 
are intended to be a substitute for ordinary 
cast bells, for use in ehurelies or other 
places, and are suspended and carried in or 
on frames perpendicularly or otherwise, the 
sounds being produeed from them by eon- 
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cussion with mallets or other mechanical 
contrivances worked either by manual or 
other mechanical agency. 

Each bar is struck by a mallet or mal- 
lets, and motion is communicated to the arms 
of the mallets by cords or other suitable 
attachments to the outer end of the arms, 
and passing down the tower or other place 
where the bars are fitted. The inventors 
of the above not having perfected the pat- 
ent, any one is now at liberty to carry out 
the design. 


The Transmutation of Species.—A friend 
in Hamiltcen, N. Y., kindly sends us the fol- 
lowing extract, translated from the German 
of Carus Sterne; the passage occurs in the 
course of an interesting essay by that writer 
on “The Radish: ” “The more strict among 
modern botanists,” says Sterne, “refuse to 
place the charlock (#ederich) in the same 
species with the radish. In general char- 
acter, there is a considerable resemblance 
between the two; but this proves little, 
since most specimens of the Crucifera fami- 
ly show a strong habitual resemblance. In 
the fruit, which in this family furnishes 
almost the only distinguishing feature, a 
great difference exists. The charlock bears 
fruit from one and a half to two inches long, 
thin, necklace-like, with a decided beak, sep- 
arating crosswise, at maturity, into joints, 
each joint containing a shining seed. The 
radish, on the contrary, bears a plump, coni- 
form pod, almost without a beak; and, at 
maturity, it splits lengthwise. The seeds 
are not shining, but wrinkled. So great is 
this difference, that many modern botanists 
have departed from Liunzus’s classification 
of these plants as two varieties of the same 
species — Raphanus raphanistrum and QR. 
sutivus—and have made of the former a 
separate species, Haphanistrum. 

“But two summers ago, Prof. H. Hoff- 
mann discovered that Linnaeus was right. 
For four years he had cultivated charlock in 
the Botanic Gardens at Giessen, and at last 
had the joy of finding, amid many transition 
forms, genuiue radish-fruit, upon two char- 
lock-plants, As hybridization with radish 
was out of the question, this was held to be 
a demonstration of the specific identity of 
these two plants. This is a highly-impor- 
tant and instructive discovery: it is a sort 
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of ‘leap’ which, morphologically consid- 
ered, scems greater perhaps than that from 
man to ape. 

“Those,” continues the author, “ who 
wish to know nothing of the transmutation 
of species, but who hold that all things 
have continued from eternity as they were 
created, will conclude that the devil him- 
self has here stuek a pair of radish-pods in 
Prof. Hoffmann’s charlocks, simply to lead 
men astray. Should the observation be 
verified (of which we have no doubt), and 
if we have not here to deal merely with a 
mixture of pollens, as in the supposed trans- 
formation of .Ayilops into wheat, then will 
the radish become one of the strongest ar- 
guments for the Darwinian theory.” 


The Corrosion of Glass.—A correspond- 
ent sends the following on the corrosion of 
glass, by what would otherwise be consid- 
ered a bland and harmless liquid : 

“My daughters sometimes make a man- 
tel ornament by half filling a glass tumbler 
with water, placing a little cotton on the 
water, and then laying some grains of 
wheat, oats, or flax-seed on the eotton, A 
small field of grain is soon the result; but 
invariably the glass is corroded in such a 
way as to look blurred and dim. In one or 
two cases, a bouquet of flowers cut from 
the stems in the yard, and placed in a glass 
tumbler, and accidentally left standing « 
few days, produced the same effect as the 
growing grain, After spoiling quite a num- 
ber of glasses in this way—some of fine 
cut glass—the practice was abandoned as 
unprofitable in general. In one of the cor. 
roded tumblers there is now growing a fine 
patch of wheat. Your article on the ac- 
tion of mucilage brought this matter up in 
conversation. Whether others have noticed 
this fact is unknown to me; and, if not, this 
may be an item of news to them.” 


A Human Antomaton.—The following 
particulars with regard to the case of the 
French sergeant, quoted in Prof. Huxley's 
Belfast letter, we find in the Lancet. 
During the late war between France and 
Germany, two and a half inches of the left 
parietal bone of his skull was carried off by 
a bullet, laying bare the brain on that side. 
The resulting paralysis of the members of 
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the right side of the body having yielded 
to treatment, and the wound in the skull 
having commenced to heal, the man began 
to resume his usual occupation of a singer 
in cafés, Soon, however, he was seized 
with nervous symptonis of an extraordinary 
nature, lasting from twenty-four to forty- 
eight hours, and he returned to the hospital. 
When in his fit, he is totally insensible to 
pain, but his will may be influenced by con- 
tact with exterior objects. When set upon 
his feet he marches on quite steadily, with 
fixed eyes, but utters no word, nor knows 
what is going on about him. If he meets 
with an obstacle in his way, he tries to make 
out what it is by feeling, and then attempts 
to get out of its way. Ifa pen be put in 
his hand he will fumble about for ink and 
paper, and, if he gets these, will write a very 
sensible business letter. Give him cigarette- 
paper, and he will take out his tobacco-pouch 
and make a cigarette, and light it with a 
match from his own box, If a by-stander 
extinguish the match, he will strike another; 
and so on till his supply is exhausted, But, 
if « lighted match be put into his hand, he 
will not use it, and will let it burn between 
his fingers. No matter what his tobacco- 
pouch is filled with, he will roll his cigarette 
all the same, and smoke it. When the fit 
is past, he has no recollection of what has 
been said or done. 


Cremation among North American In- 
dians.—Dr. John L, Le Conte read a paper 
at the Hartford meeting of the American 


Association, giving an account of a ceremo- | 


nial of cremation among the Cocopa Indians 
of California, of which he was an eye-wit- 
ness. A shallow ditch was dug, in which 
logs of the mesquite, a hard, dense wood 
which makes a very hot fire, with but little 
flame or smoke, were laid. The body was 
placed on the logs, with some smaller fagots 
piled upon it, and a few of the personal ef- 
feets of the deeeased were also added. Fire 
was then applied to the pile, At this point 
the doctor was about to retire, when one of 
the Indians told him to remain, as there was 
vet something to be seen. An old man then 
advanced from the assemblage with a long, 
pointed stick in his hand. With this he 


removed the eyes, holding them successively | 
cn the point of the stick in the direction of | burned out. 
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the sun, repeating at the same time words 
which were represented as being a prayer 
for the soul of the deceased. After this 
more fagots were heaped on the fire, which 
was kept up for three or four hours longer, 
When the fire has gone out, it is the custom 
to gather the fragments of bone and put 
them in a terra-cotta vase, which is kept 
under the care of the family, Dr, Le Conte 
was unable to say whether the custom of 
burning the dead was a general one or not, 
among this or other California tribes of In- 
dians, but thought it desirable to gather up 
and put on record whatever evidence there 
might be on so interesting a subject, before 
the total disappearance of these people put 
the settlement of the question beyond our 
reach, 


Nouse-heating in Swedeu.—A traveler 
in Sweden contributes to one of the news- 
papers an account of the very economical 
mode of house-warniing adopted in that 
country. The kakelung, or Swedish stove, 
is a great oven of masonry covered with 
porcelam plates, having usually five fiues, 
through which the gases of combustion must 
pass up and down, a distance of thirty to 
fifty, or even sixty feet, before escaping into 
theair. The general principle of their opera- 
tion is to provide enough material to absorb 
all the heat from the fire; to conduct the 
gases through these long flues till their tem- 
perature has fallen to a point that no longer 
gives off heat. The quantity of the mate. 
rial in the kakelung is so great that the tem- 
perature from one firing will not raise the 
temperature of any part so much that the 
hands cannot beheld upon the outside. Two 
hours after a fire is made, and after the wood- 
fuel has burned up, and the flue been closed, 
the kakelung begins to get warm on the 
outside, the light porcelain plates give off 
thetr moderate warmth to the atmosphere 
in the room, and ten hours later there wilt 
not be much difference in the temperature 
of the stove or of the room. A kakelung, 
instead of being an unsightly obstruction, is 
an ornamental piece of furniture. A door 
opens into it in front, where, in a kind of 
closet with iron shelves, food can be kept 
warm, or warmed, Baking can be done in 
the furnace for hours after the fire has been 
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How Suetorial Insects feed.—It is com- 
monly supposed that dipterous, or two- 
winged insects, never cat the pollen of 
plants, their mouths being destitute of 
mandibles, and fitted only with a tube, or 
proboscis, for sucking up juices. That this 
statement does not hold good for all insects 
belonging to this order, is shown from ob- 
servations lately made by Alfred W, Ben- 
nett. This distinguished entomologist has 
found that at least insects of the family 
Syrphide (hoverer-flics) eat the pollen of 
plants. Ile has examined, under the micro- 
scope, the contents of the abdomen of two 
species of syrphide, whieh be found to be 
colored a bright orange, owing to the pres- 
ence of enormous quantities of aster-pol- 
len. That the grains of pollen are not ac- 
cidentally taken up, but form an actual 
article of food, is proved by their being 
found in every stage of digestion, the fluid 
coutents of the grains being apparently the 
nutritive substance, and the skins being ul- 
timately excreted. During the last spring, 
Mr. Bennett captured Lristalis tenax (the 
drone-fly) on the flowers of the sloe. The 
abdomen of the insect was full of pollen- 
grains, belonging to at least three kinds of 
plants—sloe, dandelion, and probably fuch- 
sia, 


Oxidation retarded by Molecular Vibra- 
tions.—A paper was read, at the American 
Association meeting, on “ Mechanical Vibra- 
tion retarding Rust,” by Prof. 8. S, Halde- 
man. The iron track ofa railroad is but 
little subject to oxidation, while fron rails 
piled alongside quickly rust. If traffie be 
suspended on a railroad for a day, and, in 
the mean time, a rain of some hours’ dura- 
tion fall on the rails, they soon show 
signs of rust. From these facts Prof. Hal- 
deman argues that, in chemical combina- 
tion, mechanical vibrations may interfere 
with the molecular arrangement of the ele- 
ments. He would, however, have these 
casual observations submitted to the test 
of experiment. A discussion followed, in 
the course of which it was suggested that 
possibly the oil employed upon locomotives 
might be more or less spread in a thin film 
over rails in use, and thus prevent their 
oxidation. This view met with no favor. 


255 


the suggestion of Prof. Haldeman had refer- 
ence to a fact in physics. Molecular vibra- 
tions do undoubtedly tend to prevent rust: 
a saw hung up unused would soon grow 
rusty, whercas if used it would keep bright; 
and the observation is universal with regard 
to mechanical tools. 


The Metrie System of Weights and Meas- 
urese—On the last day of the Hartford meet- 
ing of the American Association, President 
Barnard, of Columbia College, delivered an 
address on the “Metric System.” He pre- 
dicted that the metric system will become 
the sole system of weights and measures in 
use throughout civilized nations before the 
year 1900. In France, Holland, Belgium, 
Spain, Portugal, Italy, Switzerland, the 
German Empire—in fact, all Europe, ex- 
cept Scandinavian countries and England, 
and in all America, except the United 
States, the metrie system has been adopt- 
ed. Even in the Indian empire of Great 


| Britain the metric system has heen adopt- 


ed, and that system has been legalized, 
though not yet adopted, in Great Britain 
and here. At the Vienna Metrological 
Congress, every delegate, though repre- 
senting nearly every country on the civil- 
ized globe, voted for the metric system. 


NOTES. 


Tne American Society of Civil Engineers 
have appointed a committee to report on 
plans for—1. The best means of rapid pas- 
senger transit; and, 2. The best and cheap- 
est method of delivering, storing, and dis- 
tributing goods and freight in and about 
the city of New York. The society ask for 
suggestions from all eivil engineers, and 
others who may be possessed of any infor- 
mation touching the subject of their inves- 
tigations. The secretary of the society is 
G. Leverich, and his address is 63 William 
Street. 


Last December a telegram was sent 
from New York to London, and an answer 
received in 380 minutes actual time. The 
distances traversed were as follows: from 
New York to Ileart’s Content, N. F., 1,300 
miles; eable, 2,000; Valentia to London, 
300 miles. Each ot the telegrams, there- 
fore, traveled 8,600 miles, and passed 


| through the hands of 18 persons. 


AN international exhibition has positive- 


Prof. Van der Weyde was quite certain that | ly been decided upon in China, and a com- 
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mittee formed at Shanghai for the purpose 
of organizing it, the English eonsul being 
its president. All charges of transport will 
be defrayed by the committee. The Acad- 
emy, our authority for the above statement, 
does not say what part the Chinese Govern- 
ment are to take in this important enter- 
prise. 

In his address at the Breslau Congress 
of German Naturalists and Physicians, Vir- 
chow spoke of the miracles said to have 
been performed at the scenes of many of 
the reeent Catholie pilgrimages, Ife had 
not, he said, visited Lonise Lateau, the Bel- 
gian stigmatisée, An examination, he ob- 
served, would have led to no useful result, 
exeept under certain conditions laid down 
by himself, and rejected by the other side. 


Dr. Apotr Meyer has collected in New 
Guinea 63 different specimens of animals be- 
longing to the orders reptilia and batrachia, 
of which 34 are new to seience. The pre- 
dominant types are Australian, 


Ix Prinee William County, Virginia, 
according to the Monthly Report of the 
Department of Agriculture, wasps were last 
summer observed destroying the Colorado 
beetle very rapidly. From the same au- 
thority we learn that in Whiteside County, 
Illinois, a new beetle, undescribed, attacked 
the larvee of the Colorado beetle, ‘thrnsting 
it through the body with its beak and kill- 
ing it instantly.” 


Tue operations of the Irish Peat Fuel 
Company, though prosecuted under the 
most unfavorable cireumstances during the 
winter months, have given very satisfactory 
results, By a mixture of the lighter and 
heavier portions of the peat, a fuel has 
been obtained having a density about 15 
per cent. that of coal. This peat-fuel is 
also full of gas, burns with a bright, hot 
flame, and produecs a hard cinder, which 
remains red throughout until it is entirely 
consumed, The density of the fuel, it is 
thought, will render it suitable for smelting- 
purposes ; and, if so, it would be pos-ible 
to produce a superior quality of iron from 
the Irish ores, which are at present com- 
paratively valueless, owing to the want of 
a suitable fuel to smelt them. 


Tue construction of the Panama Rail- 
road cost $1,000 human lives, destroyed by 
malaria; this death-rate is equal to one 
man per yard of the traek. 


Derine six hours of July 29th last, rain 
fell in Chowan County, North Carolina, to 
the depth of twelve inches. 


At the request of Mr, A, W. Sheldon, 
general agent of the Prison Association of 
New York, the Commissioners of Charities 


and Correetion have had a room set apart | 
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for a library in Blackwell’s Island Peniten- 
tiary. The library-room is suitably fitted 
up for its destined use, and the Association 
has already made a liberal donation of’ books. 
Weare requested to state that contributions 
of books, magazines, ete., for the above 
library will be reeeived at the office of the 
Association, No. 19 Centre Street. 


A Microscopicat Society bas recently 
been founded in Memphis, Tennessce, Its 
membership is already numerous, and its 
regular semi-monthly meetings are charac- 
terized by a large attendance of members, 
as also by an evident determination to for- 
ward the cause of microscopic research by 
hard, honest work. At the second October 
meeting of the society, A. F. Dodd read a 
paper on infusorial life, illustrated by draw- 
ings from hfe of a large number of speci- 
mens 


La Nature vouches for the absolute cor- 
rectness of the following figures, showing 
the consumption of tobacco in France in 
1873; Smoking - tobacco, 40,000,000 Ibs. ; 
cigars, 7,716,976 lbs, (925,000,000 cigars) ; 
snuff, 16,536,375 Ibs.; ehewing - tobacco, 
1,433,152 Ibs.; “earotte,” a sort of to- 
baceo used (mostly in Brittany) for smok- 
ing, chewing, and snuffing, 992,182 Ibs. 
Total, over 66,500,000 Ibs, The total reve- 
nue derived by the state from this manu- 
facture was last year 294,000,000 franes. 
Paris has 1,200 tobacconists’ shops. 


Arter the death of Boerhaave, the most 
celebrated physician of the eighteenth cen- 
tury, there was found among his books a 
volume sumptuously bound, in which were 
written down, he used to say, all the secrets 
of physie. All the pages were blank, ex- 
eept the frontispiece, on which he had writ- 
ten in his best hand this sentence: “ Keep 
the head cool, the feet warm, and the bowels 
open.” 


Tue annual report of the treasurer of 
the French Association for the Advance- 
ment of Science shows that this, the yonng- 
est of the national seientifie institutions, 
stands upon a sound financial basis. At the 
close of 1873 it had a funded eapital of 
abont 166,000 franes, yielding an income 
of over 9,000 franes, This income, together 
with the subscriptions of members, brought 
the total reecipts of 1873 to abont 30,000 
franes. This money is judiciously expend- 
ed in giving encouragement to original re- 
search, 


Axotner Jesse Pomeroy has appeared 
in Chico, California. A boy in that town 
has developed an uncontrollable propensity 
for injuring with stones, clubs, etc., all the 
little children that he meets. Te has been 
lodged in jail, and now threatens to kill a 
number of his companions as soon as he ig 
released, 
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CRYSTALLINE AND MOLECULAR FORCES. 
By Pror. JON TYNDALL, LL. D., F.R.S. 


FEW years ago I paid a visit to a large school in the country, 

and was asked by the prineipal to give a lesson to one of his 
classes. I agreed to do so, provided he would let me have the young- 
est boys in his school. ‘To this he willingly assented ; aid, after cast- 
ing about in my mind as to what could be said to the little fellows, I 
went to a village hard by and bought a quantity of sugar-candy. This 
was my only teaching apparatus. When'the time for assembling the 
class had arrived I began by describing the way in which sugar-candy 
and other artificial erystals were formed, and tried to place vividly 
before their young minds the architectural process by whieh the erys- 
tals were built up. They listened to me with the most eager interest. 
Texamined the crystal before them, and, when they found that in a 
certain direction it could be split into thin lamine with shining sur- 
faces of cleavage, their joy was at its height. They had no notion 
that the thing they had been erunehing and sucking all their lives 
embraced so many hidden points of beauty. At the end of the lesson 
I emptied my pockets among the class, and permitted them to experi- 
ment upon the sugar-candy in the usual way. 

When asked to come here and lend a helping hand in what I be- 
lieve to be a truly good work (though hard pressed by other duties), 
I could not refuse the invitation. 

Lkuow not whether this great assembly will deem it an imperti- 
nence on my part if I seek to instruct them for an hour or so on the 
subject chosen for my little boys. Iu doing so I run the imminent 
risk of being wearisome as well as impertinent, while laboring under 
the further disadvantage of not being able to make matters pleasant 
at the conclusion of the lecture by the process adopted at the end of 
my lesson to the boys. 

1A Lecture, delivered in the Free-Trade Hall, Manchester, on Wednesday, October 
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We are to consider this evening the phenomena of crystallization ; 
but, in order to trace ont the genesis of the notions now entertained 
upon the subject, we have to go a long way back. 

In the drawing of a bow, the darting of a javelin, the throwing of 
a stone, in the lifting of burdens, and in personal combats, even savage 
man became acquainted with the operation of foree. His first efforts 
were directed toward securing food and shelter; but ages of disci- 
pline—during which his foree was direeted against Nature, against his 
prey, and against his fellow-man—taught him foresight. IIe laid by 
at the proper season stores of food, and thus obtained time to look 
about him, and become an observer and inquirer, Tle discovered two 
things, which now more specially interest us, and sent down to us the 
knowledge of his discovery. He found that a certain resin dropped 
from the amber-tree possessed, when rubbed, the power of drawing 
light bodies to itself, and of causing them to cling to it; and he also 
found that a particular kind of stone exerted a similar power over a 
particular kind of metal, J allude, of course, to the loadstone, or nat- 
ural inagnet, and its power to attract particles of iron. Previous ex- 
perience had enabled our early inquirer to distinguish between a push 
and a pull. In fact, museular efforts might be divided into pushes 
and pulls. Augmented experience showed him that in the case of the 
magnet, pulls and pnushes—attractions and repulsions—were also ex- 
erted; and, by a kind of poetic transfer, he applied to things external 
to himself the conceptions derived from the exercise of his own mus- 
enlar power. The pushes and pulls of the magnet and of the rubbed 
amber were to him also force. 

Tn the time of the great Lord Bacon, the margin of these pushes 
and pulls was vastly extended by Dr, Gilbert, a man probably of 
firmer fibre, and of finer insight, than Bacon himself; who, moreover, 
was one of the earliest to enter upon that career of severe experi- 
mental research which has rendered our science almost as stable as 
the system of nature which it professes to explain. Gilbert proved 
that a multitude of other bodies, when rubbed, exerted the power 
which thousands of years previously had been observed in amber. In 
this way the notion of attraction and repulsion in external Nature was 
rendered familiar. It was a matter of experience that bodies between 
which no visible link or connection existed, possessed the power of 
acting upon each other; and the action came to be technically cailed 
“action at a distance.” 

But out of experience in science there always grows something 
finer than mere experience. Experience, in fact, only furnishes the 
soil for plants of higher growth; and this observation of action at a 
distance furnished material for speculation upon the largest of all 
problems. Bodies were observed to fall to the earth, Why should 
they do so? The earth was proved to roll round the sun; and the 
moon to roll round the earth. Why should they do so? What pre- 
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vents them from flying straight off into space? Supposing it to be 
ascertained that trom a part of the earth’s rocky crust a firmly-tixed 
and tightly-stretched chain started toward the sun, we might be in- 
clined to conclude that the earth is held in its orbit by the ehain— 
that the sun twirls the earth around him as a boy twirls a bullet at 
the end of a string round his head. “ But why should the chain be 
needed ?” asks the speculative mind, “It is a faet of experience that 
bodies can attract each other at a distance, and without the interven- 
tion of any chain. Why should not the sun and earth so attract each 
other? and why should not the fall of bodies from a height be the result 
of their attraction by the earth?” Here, then, we have one of those 
higher thoughts of speculation whieh grow out of the fruitful soil of 
observation. Having started with the savage and his sensations of 
muscular force, we pass on to the observation of force exerted between 
a magnet and rmbbed amber, and the bodies which they attract, and 
rise by an unbroken growth of ideas to a conception of the foree by 
which sun and planets are held together. 

This idea of attraction between sun and planets had become ¢ 
familiar one in the time of Newton. Ile set himself to examine the 
attraction, and here, as elsewhere, we find the speculative mind falling 
back for its materials upon experience, It had been observed, in the 
case of magnetic and electric bodies, that the nearer they were brought 
together the stronger was the force exerted between them; while, by 
inereasing the distance, the force diminished until it became insen- 
sible. Tlence the inference that the assumed pull between the earth 
and the sun would be influenced by their distance asunder. Guesses 
had been made as to the exact manner in which the force varied with 
the distance ; bnt, in the case of Newton, the eness was supplemented 
by being brought to the severe test of experiment and calculation. 
Comparing the pull of the earth upon a body close to its surface, with 
its pnll upon the moon, 240,000 miles away, Newton rigidly estab- 
Hshed the law of variation with the distance, thus placing in our hands 
a principle which enables us to determine the date of astronomical 
events in the far historic past or in the distant future. 

But, on his way to this great result, Newton found room in his 
ample mind for other coneeptions, some of which, indeed, constituted 
the necessary stepping-stones to his result. The one which here con- 
cerns us most is this: Newton proved that uot only did the sun at- 
tract the earth, and the earth attract the sun, as @ whole, but that 
every particle of the sun attracts every particle of the earth, and the 
reverse. THis conclusion was, that the attraction of the masses was 
simply the sum of the attractions of their constituent particles, 

This result seems so obvious that you will perhaps wonder at my 
dwelling upon it; but it really marks a turning-point in our notions 
of force. You have probably heard of late of certain disturbers of 
the public peace named Democritus, Epicurus, and Lucretius. These 
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men adopted, developed, and diffused the dangerous doctrine of atoms 
and molecules which found its consummation in this city of Manches- 
ter at the hands of the immortal John Dalton. Now, the grand old 
pagans whom I have named, and their followers up to the time of 
Newton, had pictured their atoms as falling and flying through space, 
hitting each other, and clinging together by imaginary claws and 
hooks, They entirely missed the central idea that the atoms and 
molecules could come together, not by being fortuitously knocked 
against each other, but by their own mutual attractions, This is one 
of the great steps taken by Newton, He familiarized the world with 
the conception of molecular force. 

But the matter does not end here; experience had given us the 
key to further mysteries. In the case of electricity and magnetism a 
double exercise of force had been observed—repulsion had been always 
seen to accompany attraction. Electricity and magnetism were ex- 
amples of what are called polar forces; and, in the case of magnetisin, 
experience itself pushed the mind irresistibly beyond the bounds of 
experience, compelling it to conelnde that the polarity of the magret 
was resident in its molecules, I hold a strip of steel by its centre, be- 
tween my finger and thumb. One half of the strip attracts, and the 
other. half repels the north end of a magnetic needle. JY break the 
strip in the middle, and what oceurs? The middle point or equator 
of the magnetism has shifted to the centre of the new strip. This 
half, which a moment ago attracted thronghont its entire length the 
north pole of a magnetic needle, is now divided into two new halves, 
one of which wholly attracts, and the other of which wholly repels, 
the north pole of the needle. Thus the half when broken off proves 
to be as perfect a magnet as the whole. You may break this halt, and 
go on breaking till further breaking becomes impossible through the 
very smallness of the fragments; still you find at the end that the 
smallest fragment is endowed with two poles, and is, therefore, a per- 
fect magnet. But you cannot stop here: you imagine where you 
cannot experiment y and reach the conclusion entertained by all scien- 
tific men, that the magnet which you can see and fee] is an assemblage 
of molecular magnets which you cannot see and feel, but which must 
be intellectually discerned. 

J shall endeavor to show you some of the actions of this polar force, 
at the same time asking you to remember that my main object here 
to-night is to show you the growth of scientific ideas, and to illustrate 
the manner in which the scientific investigator uses his thoughts and 
his hands in the investigation of Nature. 

Scientific ideas, as already stated, spring out of experience, but 
they extend beyond the boundary of experience. And, indeed, in 
this power of ideal extension consists for the most part the differences 
between scientific men, The man who cannot break the bounds of 
experience, but holds on to the region of sensible facts, may be an ex- 
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cellent observer, but he is no philosopher, and can never reach those 
principles which bind the facts of science together. True, the specu- 
lative faculty may be abused like all good things, but it is not men 
of science that are most likely to abuse it. When he accounted for 
the heat of chemical combination by referring it to the clash of atoms 
falling together, a townsman of your own described an image pre- 
sented to his mind but entirely beyond the reach of his senses. 1t 
was, however, au image out of which grew memorable consequences ; 
among others this one of a personal nature: The walls of this Free- 
Trade Hall, or rather its predecessor, have rung with the speeches of 
Cobden, and Bright, and Wilson. But, at the time when their words 
rolled round the world, a scientific worker was silently and studiously 
engaged in your city grappling with the problem how ont of heat is 
extracted mechanical foree, and by implication with far higher prob- 
lems. He grappled with it suecessfully, bringing it into the full hght 
of experimental demonstration. And I venture to affirm that in the 
coming time, not even the great orators and politicians just named, 
not even the greatest of your manufacturing princes, will enjoy a 
purer, a more permanent or enviable fame—there is not a man among 
them of whom Manchester will be more justly proud than of her mod- 
est brewer, but renowned scientific worker, James Prescott Joule. 
You will pardon this momentary deflection from my subject. We 
have now to track still further the growth of our notions of force. 
We have learned that magnetism is a polar force; and experience also 
hints that a force of this kind may exert a certain structural power. 
It is known, for example, that iron-filings strewed ronnd a magnet ar- 
range themselves in definite lines, called, by some, “magnetic curves,” 
and, by Faraday, “lines of magnetic force.” In these observed results 
of magnetic polarity we find the material for speculation, in an ap- 
parently distant field. You can readily make an experiment or two 
for yourselves with any magnet. My excellent assistant, Mr. Cottrell, 
places two magnets before me, and over them a sheet of paper. Scat- 
tering iron-filings over the paper and tapping it, the filings arrange 
themselves in a singular manner, There is a polar force here in action, 
and every particle of iron on the paper responds to that polar force, 
and the consequence is, a certain structural arrangement—if I may 
use the term—of the iron-tilings. Here is a fact of experience which, 
as you will see immediately, furnishes further material for the mind to 
operate upon, rendering it possible to attain intellectual repose and 
satisfaction while speculating upon apparently remote phenomena. 
You cannot enter a quarry and scrutinize the texture of the rocks 
without seeing that it is not perfectly homogeneous. If the quarry be 
of granite, you find the rocks to be an agglomeration of crystals, of 
quartz, mica, and felspar. If the rocks be sedimentary, you find them, 
for the most part, composed of crystalline particles derived from older 
rocks. Ifthe quarry be marble, you find the fracture of the rocks to 
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be what is called crystalline fracture. These crystals are, in fact, 
everywhere. If you break a sugar-loaf, you find the surface of fract- 
ure to be composed of small, shining, crystalline surfaces, In the 
fracture of cast-iron you notice the same thing ; and next to his great 
object of squeezing out the entangled gas from his molten metal, 
another object of your celebrated townsman, Sir Joseph Whitworth, 
when he subsequently kneads his masses of white-hot iron as if they 
were so much dongh, is to abolish this crystalline structure. The 
shining surfaces observed in the case of crystalline fracture are sur- 
faces of weak cohesion; and, when you come to examine large and 
well-developed crystals, you soon learn why they are so. I try the 
erystal of sugar referred to at the beginning of this lecture in various 
directions with the edge of my knife, and find it obdurate; but I at 
length come upon a direction in which it splits clearly before the 
knife, revealing two shming surfaces of cleavage. Such surfaces are 
seen when you break cast-iron, and the metal is strengthened by their 
abolition, Other crystals split far more casily than the sugar. 

In the course of scientific investigation, then, as I have tried to 
impress upon you, we make continual incursions from a physical world 
where we observe facts, into a super or sub-physical world, where the 

acts elude all observation, and we are thrown back upon the picturing 
power of the mind. By the agreement or disagreement of our picture 
with subsequent observation, it must stand or fall. If it represent a 
reality, it abides with us; if not, it fades like an unfixed photograph 
in the presence of subsequent light. Let me illustrate this. You 
know how very easy it is to cleave slate-rock. You know that Snow- 
don, Honister Crag, and other hills of Wales and Cumberland, may be 
thus cloven from crown to base. How was the cleavage produced ? 
By simple bedding or stratification, yon may answer. But the answer 
would not be correct; for, as Henslow and Sedgwick showed, the 
cleavage often cuts the bedding at a high angle. Well, here, as in 
other eases, the mind, endeavoring to find a cause, passed from the 
world of fact to the world of imagination, and it was assumed that 
slaty cleavage, like crystalline cleavage, was produced by polar forces, 
And, indeed, au interesting experiment of Mr. Justice Grove could be 
called upon to support this view, Ihave here, in a cylinder with glass 
ends, a fine magnetic mud, consisting of small particles of oxide of 
iron suspended in water. You can render those suspended particles 
polar by sending round the cylinder an electric current; and their 
subsequent action may be rendered evident. At present they are 
promiseuously strewed in the liquid. But the moment the current 
passes they all set their lengths parallel to a common direetion, Be- 
fore the current passes, the strongest beam of light ean hardly strug- 
gle through the turbid medium, But, the moment it passes, light is 
seen to flash ont upon the screen, Now, if you imagine the mud of 
slate-rocks to have been thus acted on, so as to place its particles with 
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their lengths in a common direction, such clongated and flat particles 
would, when solidified, certainly produee a cleavage. 

Plausible as this is, it is not the proper explanation, the cleavage 
of the slate-rocks being demonstrably not crystalline, but, as shown 
by Sharpe, Sorby, Haughton, and myself, due to pressure. 

The outward forms of these erystals are various and beautiful. A 
quartz-erystal, for example, is a six-sided prism, capped at each end 
by six-sided pyramids. Nock-salt, with which your neighbors in 
Cheshire are so well acquainted, crystallizes in cubes; and it can be 
cloven into cubes until you ecase to be able to cleave further for the 
very smallness of the masses. Rock-salt is thus proved to have three 
planes of cleavage at right angles to each other. Iceland spar has 
also three planes of cleavage, but they are obliqne instead of reetan- 
gular, the erystal being, therefore, a rhomb instead of a cube. Various 
crystals, moreover, cleave with different facilities in different direc- 
tions, A plane of principal cleavage exists in these erystals, and is 
accompanied by other planes, sometimes of eqnal, sometimes of un- 
equal value as regards ease of cleavage. Heavy spar, for example, 
cleaves into prisms, with a rhombus or diamond-shaped figure for a 
base. It cleaves with greatest ease across the axis of the prism, the 
other two cleavages having equal values in this respect. Selenite 
cleaves with extreme facility in one direction, and with unequal facili- 
ties in two other directions, 

Looking at these beautiful edifices and their internal structure, the 
pondering mind has submitted to it the question, How have these crys- 
tals been built up? What is the origin of this crystalline architecture ? 
Without crossing the boundary of experience, we can make no attempt 
to answer this question. We have obtained clear conceptions of polar 
foree; we know that polar force may be resident in the molecules or 
smallest particles of matter—we know that by the play of this force 
structural arrangement is possible. What, in relation to our present 
question, is the natural action of a mind furnished with this knowl- 
edge? Why, it is compelled by its bias toward unity of principle to 
transeend experience, and endow the atoms and moleeules of which 
these crystals are built with definite poles, whence issue attractions 
and repulsions for other poles, In virtue of this attraction and repul- 
sion some poles are drawn together, some retreat from each other ; 
atom is thus added to atom, and molecule to molecule, not boister- 
ously or fortuitously, but silently and symmetrically, and in accord- 
ance with laws more rigid than those which guide a human builder 
when he places his bricks and stones together. From this play of in- 
visible particles we see finally growing up before our eyes these ex- 
quisite structures, to which we give the name of crystals. 

In the specimens. hitherto placed before you the work of the atomie 
architect has been completed; but you shall see him at work. In the 
first place, however, I will take one of his most familiar edifices, and 
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try to pull it to pieces before your eyes. For this purpose I choose 
ordinary iee, which is our commonest crystalline body, The agent to 
be employed in taking down the molecules of the ice is a beam of heat. 
Sent skillfully through the erystal, the beam selects certain points for 
attack; round about those points it works silently, taking down the 
crystalline edifiee, and reducing to the freedom of liquidity molecules 
whieh had been previously loeked im a firm, solid embrace. The lique- 
fied spaees are rendered visible by strong Mlumination, and throwing 
their magnified images on a sereen, Starting from numerous points 
in the ice we have expanding flowers, each with six petals, growing 
larger and larger, aud assuming, as they do so, beautifully erimped 
borders ; showing, if I might use sueh terms, the pains, and skill, and 
exquisite sense of the beautiful, displayed by Nature in the formation 
of a common block of ice. 

Here we have a process of demolition, which, however, clearly re- 
veals the reverse process of ereetion. I wish, however, to show you 
the molecules in the act of following their architectural instinets, and 
building themselves together. You know how alun, and nitre, and 
sugdr crystals, are formed. The substanee to be erystallized is dis- 
solved in a liquid, and the liquid is permitted to evaporate. The solu- 
tion soon becomes supersaturated, for none of the solid is carried away 
by evaporation ; and then the molecules, no longer able to enjoy the 
freedom of liquidity, elose together and form erystals. My object now 
is to make this process rapid enough to enable you to see it, and still 
not too rapid to be followed by the eye. For this purpose a powerful 
solar mieroseope and an intense source of light are needed, They are 
both here. Pouring over a elean plate of glass a solution of sal-am- 
monia, and placing the glass on its edge, the excess of the liquid flows 
away, but a film clings to the glass. The beam employed to illuminate 
this film hastens its evaporation, and brings it rapidly into a state of 
supersaturation ; and now you see the orderly progress of the erystal- 
lization over the entire sereen, You may produce something similar 
to this if you breathe upon the frost-ferns which overspread your win- 
dow-panes in the winter, and permit the liquid to reerystallize. It 
runs, as if alive, into the most beautiful forms. 

In this case the erystallizing foree is hampered by the adhesion of 
the liquid to the glass; nevertheless, the play of power is strikingly 
beautiful. In the next example our liquid will] not be so much troubled 
by its adhesion, for we shall hberate our atoms at a distance from the 
surface of the glass. Sending an electric enrrent through water, we 
decompose the liquid, and the bubbles of the constituent gases rise 
before your eyes. Sending the same enrrent through a solution of 
aeetate of lead, the lead is liberated, aud its free atoms biild them- 
selves together to crystals of marvelous beauty. They grow before 
you like sprouting ferns, exhibiting forms as wonderful as if they had 
been produced by the play of vitality itself. I have seen these things 
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hundreds of times, but I never look at them without wonder. And, 
if you allow me a moment’s diversion, I would say that I have stood 
in the spring-time and looked upon the sprouting foliage, the grass, 
and the flowers, and the general joy of opening life; and in my 
ignorance of it all I have asked myself whether there is no power, be- 
ing, or thing, in the universe whose knowledge of that of which Iam 
so ignorant is greater than mine. I have asked myself, Can it be pos- 
sible that man’s knowledge is the greatest knowledge—that man’s life 
is the highest life? My friends, the profession of that atheism with 
which I am sometimes so lightly charged would, in my case, be an 
impossible answer to this question: only slightly preferable to that 
fierce and distorted theism which I have had lately reason to know 
still reigns rampant in some minds as the survival of a more ferocious 
age. 

Everywhere throughout our planct we notice this tendency of the 
ultimate particles of matter to run into symmetrie forms. The very 
molecules seem instinct with a desire for union and growth. Tow far 
does this play of molecular power depend? Does it give ns the move- 
ment of the sap in trees? Assuredly it does. Does it give us, in our- 
selves, the warmth of the body and the cirenlation of the blood, and 
all that thereon depend? We are here npon the edge of a battle-field 
which I do not intend to enter to-night; from which, indeed, I have 
just escaped bespattered and begrimed, but without mnch loss of heart 
or hope. It only remains for me to briefly indicate the positions of the 
opposing hosts. From the processes of crystallization which you have 
just seen, you pass by almost imperceptible gradations to the lowest 
vegetable organisms, and from these through higher ones up to the 
highest. The opposition to which I have referred is: that whereas 
one class of thinkers regard the observed advance from the erystal- 
line through the vegetable and animal worlds as an unbroken process 
of natural growth, thus grasping the world, inorganic and organic, as 
one vast and indissolubly connected whole, the other class suppose 
that the passage from the inorganic to the organic required a distinct 
creative act, and that to produce the different forms, both in the world 
of fossils and in the world of living things, creative acts were also 
needed, Jf you look abroad you will find men of equal honesty, ear- 
nestness, and intelligence, taking opposite sides as regards this ques- 
tion. Which are right and which are wrong is, I submit, a problem 
for reasonable and grave discussion, and not for anger and hard 
names, The question cannot be solved—it cannot even be shelved 
—by angry abuse. Nor can it be solved by appeals to hopes and 
fears—to what we lose or gain here or hereafter by joining the one or 
the other side. The bribe of eternity itself, were it possible to offer 
it, could not prevent the human mind from closing with the truth. 
Skepticism is at the root of onr fears, I mean that skepticism which 
holds that human nature, being essentially corrupt and vile, will go 
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to ruin if the props of our conventional theology are not maintained. 
When I see an able, and in many respects courageons man, running to 
and fro upon the earth, and wringing his hands over the threatened 
loss of his ideals, I feel disposed to exhort him to cast out this skep- 
ticism, and to believe undoubtingly that in the mind of man we have 
the substratum of all ideals. We have there capacity which will as 
surely and infallibly respond to the utterances of a really living soul 
as string responds to string when the proper note is sounded. It is 
the function of the teacher of humanity to call forth this resonance of 
the human heart, and the possibility of doing so depends wholly and 
solely upon the fact that the conditions for its production are already 
there. 


EVOLUTION IN ORNAMENT. 
By CH. FRED. HARTT. 


N the two Morgan Expeditions to the Amazonas, in 1870 and 
1871, there was obtained from a burial-mound on the island of 
Marajé, or Johannes, a lot of ancient pottery, consisting of burial- 
urns, idols, utensils of various kinds, personal ornaments, ete., many 
of which were richly ornamented with grecgues, and scrolled borders 
of a very high order of development. The resemblance borne by some 
of these ornaments to Old-World classic forms was very striking, and 
certain borders were, even in their accessories, identieal with similar 
ornaments in Etruscan art. It has already been pointed out by Owen 
Jones that the so-called Greek fret has a very wide distribution, oc- 
curring not only in Egyptian and Greck art, but in that of India and 
China, while, in the New World, it was cultivated widely in both 
Americas. The distribution of these simple ornamental forms among 
widely-separated savage tribes renders it extremely unlikely that they 
should have all been derived from a common source, and their inde- 
pendent origin is all the more probable, since it has been conclusively 
shown that identical myths, religious ideas, manners and customs, 
found in different parts of the earth, have often originated indepen- 
dently of one another. Yet, while it is quite easy to understand how 
pottery might be invented by two different tribes, how is it possi- 
ble that the same series of ornamental forms should arise among sev- 
eral independent and disconnected peoples? To the solution of this 
question I have addressed myself, and in this paper I propose to give, 
in a very condensed form, some of the more important results of my 
studies.’ 
1In my volume on the “ Antiquities of Brazil,” now nearly ready for the press, I shall, 
in connection with an analysis of the ornaments of the Marajé pottery, treat of this sub. 
ject much more thoroughly, 
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Purely esthetic decorative art has had its origin in the attempt to 
please the eye by lines and colors, just as music has originated in the 
attempt to give pleasure to the ear by a rhythmic series of sounds. 
Imitative decorative art appeals to the understanding as well as to the 
feelings; it isa song with words, but mere wsthetic ornament is visi- 
ble music without words, and it is to this latter division of ornament 
that I shall principally invite your attention. 

Color and form in ornament are so very different in their functions 
that they must be considered apart. Of the two, form is the more im- 
portant element, and, in the following discussion, color will be left out 
of consideration. 

The secret of the pleasant effect produced upon us by beautiful lines 
is, I believe, to be found in the strueture of the eye itself, aud I shall 
attempt to show that a line is beautiful, not because of any inherent 
quality of its own, but, primarily, because of the pleasure we take in 
making the museular movements necessary to mn over it with the cye, 
though, through education, we may afterward come to recognize, at a 
glance, and get the full effect of a form that has once given us pleas- 
ure; just as in music, the first few notes of an aria may be sutticient 
to recall the general effect of the complete composition. 

When I look cut of my window, the image of a very large tract 
falls upon my retina. Isee at once a multitude of houses, and the in- 
finitude of objects that go to make up the picture, and apparently I 
see every thing distinctly, but this is really far from being the ease. 
If Llook suddenly out at a landscape that Ihave never seen before, 
and fix my gaze upon a chureh-spire for a few moments, the image of 
the landscape falls immovably upon the retina; bnt, if I now suddenly 
withdraw and try to reproduce by sketch or writing what I have seen, 
{shall find myself totally unable. Ihave only an indistinct impres- 
sion of the church-spire and perhaps of a few prominent objects in its 
immediate vicinity. I have seen the landscape, but I have not observed 
it. Now let me return, paper in hand, to sketch the same landscape. 
Instead of fixing my eye immovably upon one point, I deliberately run 
it over the leading lines of the view, and then trace lines upon the 
paper that produce the same effect upon my eye as those in Nature 
have done. My sketch will at best be imperfect, but its aceuracy will 
be in proportion to the care with which I have examined the outlines 
in the landscape. In observing an object, we do not then look fixedly 
at it—awe run the eye over it, Let us see what this means. 

The retina is not in all parts equally sensitive to light, and the 
whole of a visual image is not distinetly pereeived at once. Directly 
in the back part of the eye is a little spot, about a line in diameter, 


1 Observation consists in the deliberate and careful running of the eve over the feat- 
ures of an object so that they are distinctly seen and appreciated. It is an art only to 
be learned by long practice. In natural-history studies I have found drawing to be a 
great aid in training a student, as it affords him a test of the accuracy of his observation. 
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called the yellow spot of S6mmering, and to this distinct vision is 
limited, for we see clearly only the part of an image that falls within 
it. It is even doubtful whether we see at one time distinctly, or, in 
other words, can observe, more than a point in that image. If you 
look at the middle of this page, you really see clearly ouly the point 
directly before your eye. The rest is indistinct, and, to observe a 
word on another part of the page, you must move the eye so that its 
image may fall on the yellow spot. So in reading, you run the eye 
over the words, or, by moving the eye, cause their images to fall suc- 
cessively upon the yellow spot, and, that you may do so readily, the 
words are arranged in straight, horizontal lines. The eyeball, other- 
wise immovable, may be rotated in its socket by the action of muscles, 
of which, in each eye, there are four principal ones, arranged in pairs, 
as in Fig. 1. When A contracts, the pupil is turned in the direction 
B A. The pair BA then cause the eye to rotate from side to side, 
while the pair C PD eause it to rotate in a vertical plane. By com- 
bining two contiguous muscles, as, for instanee, A and C, we may 
move the eye obliquely in any direction. Of the oblique muscles 
represented in the diagram I will not here speak, as they are apparent- 
ly not so important in observation as those just described. 


Fie. 1. Fig. 2. 


If IT look at the middle of a straight, horizontal line, my head being 
held ereet, the image of that line (« 6, Fig. 2) will lie on the retina 
directly between the muscles .1 B, the central point falling in the 
middle of the yellow spot S. In running my eye over that line, I 
use the muscles A # in such a way as to draw the image through 
the yellow spot; and, if, in doing so, I use these muscles with perfect 
regularity, I say the line is straight, Perpendicular and horizontal 
straight lines are the more easy to examine, becanse their images fall 
directly between two opposing muscles. An oblique line is difficult 
to examine, and we instinetively turn the head, in order to bring it in 
the plane of rotation of one or the other set of muscles. In following 
a curved line with the eye, two muscles are used together, one con- 
tracting more rapidly than the other. A curve is therefore more diffi- 
cult to observe, or run the eye over, than a straight line, and the difti- 


EVOLUTION IN ORNAMENT. 269 


culty increases with the subtileness of the curvature.’ The esthetic 
effect of curves, as of gestures, is appreciated only after long training. 
Their beauty is primarily due to the pleasure we take in making the 
muscular movements necessary to follow them, and this pleasure is 
strictly akin to that which we feel in tracing them with the hand, 
either upon paper, or simply in gesture. Pleasure-giving, graceful, 
muscular movements are always in curves, and their grace depends 
upon the snbtileness of the curve, 

If decorative art has had a beginning and an evolution, we should 
expect to find a progress from straight lines to circles, spirals, and 
ellipses, while more subtile curves, such as we find in Nature, would be 
adopted later, and this is the case, not only in the art-history of na- 
tions, but also in that of individuals, for the child must be educated 
not only to make, but to appreeiate and enjoy beautiful lines? 

Man, the world over, seeks to give pleasure to the eye. He is not 
satisfied that an object should be useful to him; it must be at the 
same time beautiful; and indeed he is usually quite as anxious that it 
should look well, as that it should minister to his comfort. It is not 
enough that clothing should be warm: it must be graceful in form, 
and covered, more or less, with ornament. A house of logs would hold 
a& congregation and supply all the facilities for pablic worship, bat 
that is not cnongh. We strive to make it a palace, and enrich its 
walls with beautiful forms, It is verily surprising what an important 
element ornament is in life. Is it, then, wonderful that man, striving 
everywhere to please the same eye by lines, should oceasionally in- 
vent, independently, similar ornamental forms, or that decorative art 
should, in its beginning, evolve in the same direction in different 
countries ? 

The class of ornaments I have studied with the greatest care, and, 
at the same time, the greatest success, is that to which the so-called 
“Greek fret” and “honeysuckle ornament” belong, and I now pro- 
pose to discuss the question of the origin and evolution of these decora- 
tive forms, premising that other classes of ornaments may be studied 
in exactly the same way. 

If a single straight line is pleasant to the eye, two parallel straight 
lines are still more so; for, in running the eye over one of the lines, 
we have a sort of accompaniment produced by the indistinctly-scen 
second line ; or, in looking along an imaginary line between the two, 


1 A straight line is beautiful, because of the pleasure we derive from the perfectly 
even, regular use of the muscles employed in following it with the eye, a pleasure com- 
parable to that produced by passing the hand over a smooth, flat surface, or by listening 
to a single mnsical note. 

? In music we find also a progress from a monotonous serics of effects, to those which 
may be represented by more and more subtile sounds. These are the curves of melody, 
of force, and of acceleration, all of which, in the evolution of music, tend to greater sub- 
tilty. I suppose that this progress from monotony to subtilty is to be explained by the 
unconscious desire to eseape the fatigue produced by a series of too similar effects. 
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we ect the indistinct effect of both; but it must be observed that the 
lines must neither be too near together, nor too far apart, else the 
effect of the parallelism is either impaired or entirely destroyed. The 
whole surface of an object, as, for instance, of a vase, may he orna- 
mented by a great number of parallel lines, and this is often the ease 
in primitive or rude art; but, with culture, comes the tendency to 
draw more or less narrow bands of lines following the most important 
lines of the object. 

A further step is taken in the attempt to make two parallel lines 
more agreeable to the eye by filling in the space between them with 
lines, drawn in various directions, and it is in this way that the frets 
have originated. By drawing equidistant parallel lines directly across 
between the two main lines, as in Fig. 3, we make a series. This, as 
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it exists in the drawing, is a series in space, but, as it grows up under 
the hand, or is examined by the eye, it is a series in time ; and, in look- 
ing from A to B, an effect is produced upon the eye analogous to that 
produeed upon the ear by the repetition of a musical note, with the 
same interval." If lines be drawn only part way across, Hpi each 
side alternately, as in Fig. 4, we have a sort of rhythm produced: If 
the lines all reach the centre, they may be, and often are, even in very 
savage art, connected together by twos, as in Fig. 5. This produces 
a series of units, each one of which is pleasant to examine with the 


Fig. 5. Fig. 6. 
A B C 


eye. This is the simplest form of the fret, If the lines are drawn 
not quite to the centre, they may be united by oblique lines, as in 
Fie. 6, A, and lines drawn past the centre may be connected in the 
same way, as in C, but neither of the resulting units is very agreeable 
to the eye, and such attempts are characteristic, cither of a rude stage 


1 Invegularity in the interval interrupts the esthetic effect. As cach unit in the series 
falls on the yellow spot and is distinctly perecived, an effect is produced upon the brain 
which has a certain duration, gradually fading away. If the units are separated by the 
same intervals, these wsthetie effects will be alike; but, if they follow one another irregu- 
larly, the effeet produced will be irregular, unexpeeted, and consequently disagreeable. 
The lengthening or diminution of the intervals, according to certain laws, heightens the 
wsthetic effeet by relief from monotony ; and this appeurs to be the least of the pleasure 
we derive from gradation in tint or shade. 
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of art, or of the work of a bungler, When the lines are not drawn 
to the centre, they may be joined as in B, and this form of fret was 
much cultivated in America; but it is objectionable, apparently on 
account of the obliquity of the units, and it is vastly inferior to the 
fret, Fig. 7, A, where lines, drawn past the middle, are united in a 
similar way. This last is the true Greck fret, thongh it occurs also in 


Fie. 7%. Fig, 8 
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American aboriginal art. The units may be made more or less in- 
volved, as in Fig. 7, but the simple forms are the more pleasing. 

T have observed that in Brazil, and elsewhere in America, the ar- 
tist has often taken care to separate the units in this fret from one 
another, either by drawing lines between them, as in Fig. 8, A, or by 
placing them in cartouches, 4. The addition of the line in A en- 
hances the beanty of the series by breaking up the monotony and 
introducing a pleasing alternation, The attempt to separate the units 
resulted, however, in bringing about their firm union; for it was ob- 


A 


Fie. 9. 


served that, by obliterating the dotted spaces in Fig. 9, the whole 
series could be drawn without lifting the hand, and thus arose the 
current fret, Fig. 10. Examples of the modification of ornaments by 
obliteration of parts, in this way, are common, not only in aboriginal, 
but also in classic and modern civilized art. The bounding lines, 
Fig. 10, were afterward added, and greatly heighten the beauty of 


Fie. 10. 
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the border. The current fretis not only agreeable to run the eye over, 
but it is pleasant to trace with the hand, Current frets may of course 
be more or less involved. 

Unless care is taken in drawing a current fret, one is apt to round 
down the angles, and, in running the cye over this ornament, there is 
a tendency not to follow lines down to the angles, but to swerve from 
one line to another, avoiding the corners—the muscular movements 
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of the eye being such as would be necessary to follow a curve. It 
was soon foand that frets drawn, probably at first unintentionally, 
with rounded corners, were pleasaut to examine with the eye, and 
afterward they were purposely rounded down, giving rise to the beau- 
tiful linked serolls, Fig. 11. At first, the most iinportant part of this 
ornamental border was the seroll, and the connecting curve was 


DODDOD K’SXSNSNSD 


treated, so to speak, as a mere hairline; but, by-and-by, the eye be- 
gan to take more and more pleasure in following this more subtile con- 
necting line, and it came finally to be cultivated, to the neglect of the 
scrolls, giving rise to the sigmoids, Fig. 12. 

Some have claimed that this last ornament was originally emblem- 
atic of water. This was certainly not the case, and it never came to 
mean water until, having fully grown, it was recognized as resembling 
the curling waves of the sea. In Etrusean art we frequently find a 
serics of little dolphins gracefully leaping over the crests, or fishes 
are drawn in below. Dlere, undoubtedly, the ornament was treated 
as representing water, or the sea. A host of beautiful borders grew 
up by combining two or more series of these serols and shading the 
spaces in various ways, but I have not time to speak of them here. 

With the culture of the sigmoid curves, and the neglect of the 
spirals, much vacant space is left in the border which will look better 
if filled in with ornament.’ 

In Brazil I have found little triangles drawn in these spaces, as in 
Fig. 13, while exactly the same border is found in Etruscan art. 


It will be observed that the sides of the little triangles are approx- 
imately parallel to the parts of the sigmoids and bounding lines to 
which they are adjacent, thus producing a pleasant effect on the eye. 
The next step in the evolution of this border consists in uniting the 
little triangles with the sigmoids, as in Fig. 14, and this form I have 
observed on a Peruvian vase. 

With progress in eulture comes the love of variety and change. 
Savage music, savage art, every thing in fact in uncivilized life, is 
monotonous. An Amazonian Indian will listen enrapt for hours to 

1 Some writers say that a space demands ornament, but the demand is subjective, not 
objective. 
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the repetition of the same monotonous song, which produces on eivil- 
ized cars only increasing torture, The fret is at first drawn with all 
its unity running in the same direction, but in course of time it is 
found that a change of direction not only relieves the eye but gives 
greater pleasure, and the series comes to be broken up into bars, alter- 
nating in direction. This is observable not only in the classie Greek 
frets, but also in similar ornaments in America. In the intervals be- 
tween the bars a square figure is often introduced, and this, both in 
Greek and South-American art, sometimes contains a cross or a quat- 
refoil. Similar breaks were often introduced into the scroll-border, in 
which ease the bars were separated by a figure, shaped more or less 
like a cross-section of a biconeave lens, Fig. 15, . 


Fig. 15. Fic. 16 
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In Old-World decorative art the great step was taken when the 
sigmoids were separated and alternately reversed, as in Fig, 16, This 
gave an opportunity for the growth between the sigmoids, of accessory 
ornaments that developed into an infinitude of beautiful forms in 
Keyptian and Greek art. It will be observed that, in this series, the 
little volutions, Fig, 16, 1, <l, A, are turned alternately up and down. 
The accessory ornament corresponding to Fig. 15, A, has therefore a 
broad base upon which to expand on one side and a narrow one on 
the other, These accessory ornameuts may be developed on both 
sides of the line of sigmoids, but in this ease a double series 1s formed, 
and a single one is more effective.’ In Greek art they were princi- 
pally enltivated on the upper side, giving rise to a single series of 
alternately broad and narrow figures supported on a line of sigmoids, 
as in Fig. 17. I wonld therefore claim that the upright, so-called 
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1 This border is more effective when used horizontally. Vertical ornamented series 
are very often bilateral, and much wider than horizontal borders. Where a fret or honey- 
suekle border runs completely round the side of a room, we shall find that the horizontal 
parts give more pleasure to the eye. 

Vou. vi—18 
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honeysuckle ornament or Anthemium was developed from the acces- 
sory ornament A, Fig, 15, while the oblique honeysuckle ornament, 
Fig. 18, appears to have beeu developed from the little triangles, 


Fig. 13. 
Fie. 18. 


In the Greek honeysuckle ornament the lines are not only subtile 
and beautiful, but they flow from one another and the parent-stems 
tangentially, according to a recognized and readily-explainable law in 
decorative art. For, just as gestures that flow tangentially from one 
another are more agreeable to the muscles of the arm, so lines tan- 
gential to one another are more pleasant to follow with the eye than 
those that start abruptly from one another, 

The beautiful bounding line to the figure A, Fig. 19, appears to 
have been added after attention had been attracted to the elegant out- 
lines of the Anthemium. When the figures f, 4, were drawn close 
together, but little space was left for the narrow tigure #, whieh was 
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therefore compressed as in Fig. 17. As the ornaments A and B were 
cultivated, the sigmoids were neglected, and, in course of time, they 
dropped out entirely from some of the borders, leaving, however, at 
the base of the ornament, two little volutes, which it is important to 
note are in the broad figure A turned in a direction opposed to that 
of the generating volutes. These little basal volutes are most re- 
markably persistent, and serve to aid us in determining the origin of 
many decorative forms, that have changed to such an extent, that 
their relation to the Anthemium would otherwise not have been sus- 
peeted. Time will not allow me to trace out at greater length the 
line of evolution of this series of ornaments, and TI can only allude to 
the Acanthus border as its richest and most luxuriant ontgrowth. 
This is a matter of history, and I do not need to discuss it here.’ 

1The “ egg and tongue” or “ ege and arrow” border had originated from the honey- 
suckle border, in architecture, in the attempt to produce, by a narrow cornice, the gen- 
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Decorative art has developed through the constant attempt to 
please the eye by more and more beautiful forms, and in obedience to 
the law of the survival of the most beautiful or of the fittest to pleuse ; 
for pure, well-constructed forms are persistent, while those that are 
abnormal, bézarre, or not adapted to the eye, die out. We still, to- 
day, use straight lines and frets, and a multitude of beautiful forms, 
many of which, doubtless, have come down to us from an immense 
antiquity. They are normally beautiful and we shall always need 
them. These, I may add, are also the forms which we shall find most 
widely distributed. 

The connection between the manufacture of pottery and the evolu- 
tion of ornament is exceedingly close; and some of the most beautiful 
ornamental borders, ete., have originated on pottery, the soft, easily- 
seratched clay furnishing an excellent surface for drawing upon. In 
savage America the manufacture of pottery falls everywhere to the 
lot of women, since, as it is a branch of cooking, she, having the charge 
of domestic affairs, naturally makes the vessels in which to prepare 
food. But the Indian woman not only makes the pottery, she also 
ornaments it. Elsewhere, as among certain tribes in Africa, and also 
among the Papuans and the Feejees, woman is the ceramic artist. 
Llewellyn Jewett thinks that the Celtic burial-urns were made and 
ornamented by women. But, the world over, woman, among savage 
tribes, not only makes ornamented pottery, but she spins and weaves, 
and makes and decorates clothes. She is, in fact, the primitive deco- 
rative artist. Even in civilized life she still loves to cover with beau- 
tifnl, purely cesthetic forms every thing her hand touches, and it is 
through her influence, more than through that of man, that decorative 
art flourishes to-day. I do not know whether her greater susceptibility 
to the influence of decorative art-forms springs from her greater deli- 
cacy of physical organization, or whether, what is perhaps more prob- 
able, it is owing to the wants of an entirely different life from that 
which man leads. 

Ornament is something so necessary to civilized life, so universally 
necessary, that, like music and the other fine arts, it merits serious and 
intelligent study. A song is evanescent, but a good ornament “is a 
joy forever.” To-day, in our craving, we cover every thing about us 
with a motley mixture of classic and detestably rude forms, and half 
even of the educated really do not know how to distinguish a good 
ornament from a bad one. Ornamental art will never take its proper 
rank, and be fully appreciated, until it is, in the first place, systemati- 
cally studied, and, in the second place, intelligently and widely taught. 
eral effect of the latter border when seen at a distance. Ruskin cannot see what arrows 


have to do with eggs, and, though he admits the border to be beautiful, he characterizes 
it as a “nonsense ” ornament. 
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THE FUTURE OF CHEMISTRY. 


By F. W. CLARKE, 
PROFESSOR OF PHYSICS AND CHEMISTRY IN THE UNIVERSITY OF CINCINNATI. 


VERY science seems to haye, as a selence, its most rapid and 
brilliant growth during the earlier portions of its history. By 
this I do not intend to say that the mere bulk of its material increases 
more swiftly than at a later period, when the number of its students 
and investigators has become great. I mean simply that important 
generalizations are more readily made and more frequent, and that 
abstract conceptions are more speedily fertile in results. The reason 
for this is very obvious. At first, when any new science has but just 
assumed definite shape, every student has it before his mind as a unit. 
All parts of the field are immediately under his eye; no portion of it 
can easily escape notice. Thus it is studied, not less in its details, bnt 
more as a definite, consistent whole; and its growth is consistent, well- 
balanced, and harmonious. When, however, the field becomes larger, 
there is a splitting up into specialties, and, in general, each specialty 
is cultivated by some assiduous worker who cares but little for the 
character which the science may take in its entirety. In other words, 
the greater the mass of scientitie material, the greater is the tendency 
among investigators to study details at the expense of generalities. 
Accordingly, the details multiply and become unmanageable; com- 
plexity increases, and symmetrical development comes comparatively 
to a stand-still. 

This is emphatically true of chemistry at the present day. Only 
avery few chemists now study their science as a grand unit. We 
have technical chemists, agricultural chemists, analytical chemists, 
physiological chemists, and so on. Each one devotes himself to his 
specialty almost without reference to the others. What relation his 
particular branch may bear to the complete science is hardly thought 
of. Such questions are left to speculators and dreamers. Among 
those who study the abstract science, without reference to its practical 
applications, itis much the same, Cne man has all he can do to ex- 
amine the derivatives of a single organie group. If he can obtain 
fifty new compounds in which the interlinking of the atems may be 
represented in some unheard-of way, his ambition is satisfied. He 
chlorinates this body, and deoxidizes that ; he makes numberless sub- 
stitutions, all of which he knew beforehand to be possible; but what, 
in the end, does it amount to? In Germany, where nine-tenths of the 
chemists seem to be running wild over the so-called “aromatic group,” 
this multiplication of new bodies is going on with unparalleled rapid- 
ity. And yet not one in five hundred of the substances discovered 
gets thoroughly described. This naphthaline derivative is a solid, 
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with a certain odor, color, melting-point, and crystalline form; and 
there the description ends. No thought of ascertaining its other 
physical properties ever seems to enter the head of the discoverer. 
Doubtless all this work has a value; some of it has already led to re- 
sults of great importance; still it is not in any such direction that 
chemistry is to look for its chief future growth. The same amount 
of effort, otherwise expended, would yield much richer returns. Un- 
fortunately, an inferior line of research has become fashionable, and 
scientific investigators, like all other people, are more or less subject 
to fashion. It must be plain to every one, however, that the work of 
chemistry amounts to a good deal more than merely to obtain, formu- 
late, and classify new compounds. It is necessary to study not only 
the bodies themselves, but also the laws involved in their formation 
and decay. We should seek to understand what physical forces are 
operative in each reaction, and in what quantities. No chemical 
change can occur unattended by the phenomena of either heat, light, 
ov electricity. To-day, little is done save to investigate the results of 
chemical reactions, Surely the phenomena of the reactions them- 
selves ought to be studied a little more. Chemistry would not lose 
much were no new compounds to be described for ten years to come, 
if chemists might only be induced to examine more elosely the sub- 
stances already known. 

These few words of well-meant criticism may very properly lead 
us to the main subject of this paper: What is the future of chemis- 
try? In what direction must the science look for its grandest devel- 
opment? What grand generalizations may we expect, and what steps 
should be taken to lead up to them? As the past is always prophetic 
of the future, it is evident that we must pay some attention to the 
former growth of chemistry before we can sately predict what is to 
come. If we would be thorough, we ought to do even more, and ex- 
tend our view across the limits of this particular science into the fields 
of other sciences closely connected with it. For present purposes, 
however, we need consider, in conjunction with chemistry, only its 
twin-sister, physics. The two sciences are so closely intertwined that 
neither can be studied alone. Progress in either, in the long-run, 
means progress in both. Upon the border-land between the two our 
attention must be fixed. 

Upon studying the history of chemistry, we cannot but be struck 
by the changes which have occurred both in the form and in the sig- 
nificance of chemical notation. There we have to deal with a sym- 
bolism so peculiar that it represents in its modern torm several very 
important stages of scientific growth. Every great change in chemi- 
cal thought is mirrored by some modification in this symbolic system, 
At first a formula represented the composition by weight of a sub- 
stance, and embodied certain theoretical conceptions with which we 
have, for present purposes, nothing to do, Soon an extension of our 
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knowledge so modified the notation of chemistry that the new formu- 
le, though differing but slightly from the old, represented more than 
composition by weight, namely, composition by voluine also. — Still 
later came the attempt, now being vigorously continued, to make 
every formula represent not only ultimate composition by weight and 
by volume, but also the probable arrangement of the atoms within 
the molecule. In other words, if we ignore the atomic hypothesis, a 
modern chemical formula aims to express some of the more important 
chemical relations and reactions of the body represented. In close 
connection with these purely chemical discoveries, we find a little 
physical work. Thanks to Kopp, we are able to calculate from the 
formula of almost any liquid its atomic volume, and thence its specific 
gravity at the boiling-point. Other investigators enable us to cal- 
culate the indices of refraction for different liquids, and, to a more 
limited extent, some other physical properties also. In short, a system 
of notation, originally based npon the properties of the atoms as regards 
weight, has been found to express also many of their other physical 
relations; and the list of facts thus expressed is continually lengthen- 
ing. Evidently, then, the tendency of chemical investigation is to 
connect the physical properties of every substance directly with its 
composition, 

Here we step over the border into physics, Plainly, if we have to 
deal with physical properties, we must study the forces represented by 
them. And, fortunately for the chemist, the tendency among physi- 
cists is entirely in his favor, Growing up contemporaneously with 
the development of chemical notation, we have had the grand ideas 
of the conservation of energy and the correlation of forces. We have 
learned that force is one, indestructible and uncreatable, and that all 
its manifestations are mutually convertible one into another. Eitber 
of the great modes of force may be active in affecting chemical com- 
position; may cause chemical union or chemical separation; may be 
the motive of either analysis or synthesis. Now, in the direction here 
suggested, the main work of physics is being done. The chief object 
of the physicist to-day is to determine quantitatively the relations 
connecting all the different varieties of energy. Under what circum- 
stances, and how, are forces transformed? Since these transformations 
are differently effected through the intervention of different forms of 
matter, it is clear that the physicist must take into account the chemi- 
cal composition of the materials with which he deals. In short, then, 
the chemist must look to physics for a knowledge of the forces in- 
volved in chemical changes; while, on the other hand, the science of 
physics must needs throw from chemistry its information upon the 
nature of all the material agencies through which the transformations 
of force become apparent. Neither physics nor chemistry can work 
independently of the other; the more closely they become allied in 
the labor of investigation, the more rapidly will both progress. The 
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two lines of research converge more and more day by day; in the end 
they will unite and become one, 

To sum up our reasonable expectations, we may hope that before 
long the chemist, from the composition of any substance, will be able 
to caleulate all of its physical properties — boiling-point, melting- 
point, specific heat at every temperature, expansibility, density, index 
of refraction, conductivity for heat and for electricity, and so on to 
the end. I, for one, do not doubt that the day when this will be pos- 
sible is approaching more rapidly than the majority of chemists sup- 
pose. Until that time arrives chemistry cannot claim the honor of 
being an exact science. In physics a result is to be accomplished 
which will be complementary to this. Given the quantitative rela- 
tions of the forces, we ought to be able, from the properties of any 
body as regards one force, to compute its properties with regard to all 
others. Knowing the thermal relations of any substance, for example, 
we shall eventually be able to calculate at once its optical, electrical, 
and magnetic properties. These results, to be achieved by physics, 
can be brought about only in connection with the chemical investiga- 
tions which this paper is intended to emphasize, 

But the future of chemistry does not end with the completion of 
the researches which we have thus far considered. It is the glory of 
science that every great achievement only opens the way for still 
greater achievements lying far beyond. So, when chemistry shall 
have reached the splendid future which I have ventured to suggest, it 
will only find itself possessed of materials with which to start fora 
grander future far away in the dim distance. We may expect that an 
exact knowledge of the laws governing the physical properties of sub- 
stances will enable us to foresee just what compounds are possible, 
and by what reactions they may be obtained. Throughout the science, 
accurate calculation will be substituted for much abortive experiment, 
and both time and labor will be saved. The same lines of investiga- 
tion, prolonged still further, will settle the much-vexed question of 
the nature of the elements; so that we may hope to know whether 
they are all but varieties of one or two, or whether they are many and 
essentially dissimilar. Upon the same experimental basis the truth or 
falsity of the great atomic theory may rest. Given the knowledge 
which we may expect to have concerning the physical relations of 
substance, and we ought to be able to devise many crucial tests for 
the idea of the atomic constitution of matter. All the great specu- 
lative questions of modern chemistry must be eventually fought out 
upon the battle-field of physics. 

Now, having recognized some facts concerning the intellectual 
future of chemistry, let us inquire what material steps will best lead 
up to them. What experimental work is most needed to begin with ? 
Plainly, if we are to discover laws connecting the physical properties 
of compounds with their composition, we must first determine the 
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physical properties of the elements. This work should be done with 
the greatest care and thoroughness. Every element should have its 
relations to the forces of Nature thoroughly fixed and tabulated. 
Even the rarest elements onght not to be neglected, since each one 
has its scientific importance, fills a place in some series or groups, and, 
for purposes of generalization, 1s of as great interest as any other. 
But, as it is to-day, the commonest substances have been very imper- 
fectly studied. Only a few constants have been determined for some 
of the most familiar elements, the gases especially. Just enongh is 
known about the commoner metals to show us how ignorant we really 
are. Here, then, is a great field for work, and in it some of the rich- 
est materials for both chemistry and physics are to be gathered. It 
is, indeed, strange that this work, obviously of such vast importance, 
should have been so long postponed. Of course no single individual 
could undertake it, but it seems as if some learned society, or even 
some government, might assume the burden. <A twentieth part of the 
money expended for the determination of one astronomical constant, 
the earth’s distance from the sun, ought to cover all the expenses of the 
undertaking. Jf we had in America a laboratory exclusively devoted 
to research, suitably manned and equipped, our country might carry 
off the glory of achieving this grand work. In default of such a lab- 
oratory, however, the labor might be accomplished through the co- 
operation of many individual workers, each one doing his small part, 
not aimlessly, but in unison with the others. One chemist might 
undertake to furnish certain of the elements in a perfectly pure con- 
dition; another might carefully determine under varying circumstances 
their densities and rates of expansion; a third could work up their 
specific and latent heats; a fourth their electrical relations, and so on. 
Failure to attain grand results would be impossible. Doubtless the 
labor would prove irksome and monotonous, but the reward would be 
sure, In five years, more would be done toward rendering chemistry 
an exact science, than can be accomplished in a century by means of 
the chemical investigations at present most in vogue, 

The physical properties of the elements being established, the next 
thing is to do somewhat similar work for dompounte aid here, be- 
fore entering on experimental labors, it is necessary to know what has 
already been done, This knowledge is at present diflicult to obtain, 
since the materials are scattered through many pages of many volumes 
of scientific transactions and periodicals, and need to be collected and 
systematically arranged. This work of tabulation having been fin- 
ished, chemists will be able to see distinctly where experiment is most 
needed, what must be done entirely new, and what ought to be done 
over again. Then, some of the experimental details might be easily 
intrusted by professors to the hands of students. If, for practice, a 
student is taking specific gravities, let him work upon substances for 
which that constant has never been determined. So also with such 
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other physical measurements as naturally come up in a college labora- 
tory. The student would be getting his imstruction at the same time 
that he felt himself interested in aiding science, and both he and sci- 
ence would be gainers. The material so collected might hardly be of 
the highest accuracy, but it would certainly not be quite withont sei- 
entific value. Any one, who will examine the nature of the material 
already on hand, will forcibly realize this fact. 

Tt would be easy to multiply suggestions, Any chemist, who will 
carefully survey the field, will be surprised at the immense amount of 
obviously important work which has hitherto been left undone, and 
which should take precedence of nearly all the chemical investigations 
now most in fashion. The necessity of this work is based upon no 
wild speculations, but upon a foundation of the most severely practi- 
cal ideas. No extraordinary difficulties hedge it about, no real im- 
practicabilities stand in the way. Certain great laws ought to be 
discovered, and they can be discovered only by means of researches 
such as are here suggested. A few years of steady, earnest work 
upon the part of fifty scientific chemists would accomplish all the 
chief results which I have ventured to prophesy. 


+> _ = 


CONCERNING BEARS. 
By WILLIAM E. SIMMONS, Jr. 


HE bear family (Urside), though comprising a comparatively 
small number of species, is yet one of the most wide-spread of all 
the carnivora, being found all over the earth’s surface, except in Africa 
and Australia. In the latter country, there is an animal somewhat re- 
sembling the bear in appearance, and having the tree-climbing habit, 
known popularly as the Australian bear. This animal is, however, 
not a bear, but belongs, with its cousins, the kangaroo, bandicoot, and 
opossum, to another family. Regarding the existence of the bear 
in Africa, there has long been some difference of opinion. Herodotus, 
Virgil, and other ancient writers, speak of Libyan bears. Pliny alludes 
to Numidian bears being exhibited by Ethiopian hunters in a Roman 
circus, 61 Bc. Tatterly, Ehrenberg and Forskal both mention a 
black plantigrade animal, called by the natives karvai, which inhab- 
its the mountains of Abyssinia. They hunted and saw it, but failed 
to capture a specimen, It is possible that the bear may yet be found 
in at least a portion of the vast unexplored area of that continent, but 
the opinion that it does not exist there is now generally held by nat- 
uralists, and it may reasonably be entertained, until controverted by 
the finding of a specimen. 
The general characteristics of the bear are the rough, shaggy coat 
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conspicuous massiveness of the hinder parts, which gives a peculiar 
shape to the body; plantigrade gait, and the habit of erecting the 
body and standing upon the hind-feet when attacked or in combat. 
The feet, especially the paws, are armed with long, sharp claws, not 
retractile, nor so much crooked as are those of the feline tribe, never- 
theless capable of inflicting terrible wounds when impelled by the 
powerful force which the bear can exert. The bear is both carnivo- 
rous and vegetarian, and will apparently thrive on either a purely ani- 
mal or vegetable diet. It is a gregarious animal, extremely sociable, 
subject to strong attachments for its mate and young, and, in a state 
of domestication, for man. Most of the species are good climbers, and 
all are good swimmers. Excepting a few species, it is a singularly 
harmless animal while undisturbed, but is ferocious and dangerous 
when attacked, or when defending its young. Its sagacity, strength, 
and surprising tenacity of life, render it a formidable combatant. It 
is remarkably adroit in guarding itself against the blows of an an- 
tagonist, and will ward off even the heaviest with wonderful dex- 
terity. In combat, it rears upon the hind-feet and strikes power- 
fully with its paws; it also endeavers to crush the body of its an- 
tagonist by hugging, and will at the same time inflict fearful wounds 
with the claws of its hind-feet. Although so ferocious when aroused 
to anger, it is (excepting the polar and the grizzly) easily domesti- 
cated, and makes a most affectionate and amusing pet. One of the 
most curious characteristics of the bear is its habit of hibernating 
through the winter. During the autumn it becomes very fat, and, 
about the end of October, completing its winter house, ceases feeding 
for the year. .A remarkable phenomenon then takes place in the ani- 
mal’s digestive organs. The stomach, no longer supplied with food, 
contracts into a very small space. A mechanical obstruction called 
the “tappen,” composed of fine leaves, or other extraneous substances, 
blocks the alimentary canal, and prevents the outward passage of any 
matter. The bear continues in its den until the middle of April, in a 
dull, lethargic condition, If discovered and killed at any time in this 
period, it is found to be as fat as at the beginning. It is said, how- 
ever, that, if it loses the “tappen” before the end of its hibernation, 
it immediately becomes extremely thin. During the hibernation the 
bear gains a new skin upon the balls of its feet, and, during the same 
time also, the female brings forth her young, from two to four in num- 
ber. The latter act occurs generally from the middle of January to 
the middle of February. The pairing season occurs in the summer, 
from June to September. The period of gestation is about seven 
months, and the newly-born cubs are scarcely larger than puppics. 
The visitor to Central Park, who walks along the corridor east of 
the Museum )uilding, cannot fail to be struck with the grizzly bear 
(Ursus horribilis, or U. ferow). His mixed brownish and steely-gray 
coat, great size, massive proportions, and, above all, his ferocious as- 
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pect, render him one of the most conspicuous objects there. Observe 
his great broad head, with the small, cruel, brown eye, pointed mnazzle, 
and powerfnl jaws, which, opening occasionally, display a set of alarm- 
ing teeth. ILis fore-limbs, by their size indieating enormons strength, 
are each armed with five claws from four to five inches long, nearly 
straight. These claws are not needle-pointed like the cat’s, but come 
toan edge like a chisel, and they are extremely sharp. His hind-limbs 


Fie. t.—GrizzLy Brean (Ursus horribilis). 


are even more massive still, and are also armed with similar though 
shorter and more enrved claws. His tail is so short that it is hidden 
by his coat. All this time he has been contemptuously eying us 
from the back part of his cage, but now he has become impatient of onr 
serutiny, and suddenly reaches toward us with open mouth, uttering a 
savage sound between a sigh and a growl, Te then turns to gallop 
aromnd his cage, and affords an opportunity to observe one of 
his most striking peculiarities. This is his enrions, shambling gait. 
Vis forelimbs go in a eanter, while his head sways from side to 
side, and the rest of his body slides along upon the soles of his 
hind-feet. Mr. Darwin would be sure to eall this sliding moyement 
an inherited peeuliarity, acquired by the grizzly’s ancestors in slid- 
ing down the glaciated sides of the Rocky Mountains. He has it, 
whatever may have been the manner of its coming to him, and con- 
stant practice of it has worn the floor of his cage white and smooth. 
The grizzly is the largest member of his family; a full-grown male 
being from eight and a half to nine feet long, and the girth of the 
body is equal to the length. The average weight is abont 800 
ponnds. The one we have been regarding is a fine specimen, being 
between seven and eight feet long. The color is not uniform, being 
in some eases of a duli brown, in others almost black, and in still others 
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almost white. The head is eovered with short, brown hair; the ears 
wwe short, and the depression between the brow and the muzzle cou- 
siderable. The head is meh larger in proportion to the size of the 
body than in other bears ; and its feet, also, with the single exception 
of the polar bear, in which there obtains a still larger proportion. 
Tlis haunts are the Rocky Monntains and the plains eastward; he is 
also cominonuly found westward, and as far north as latitude 61° His 
principal food is flesh ; but fruits and other vegetable substances also 
forn) a part of his dict. The younger animals are tree-climbing, but 
the older are not, seemingly, from their great weight. The pregnant 
female and the yonng animals hibernate, but the full-grown males are 
as active tn winter as at other seasons, 

The grizzly is the most ferocions and terrible of all American ani- 
mals. He exercises absolute terrorism over every living creature that 
comes in his way. It is said that even the hungry wolf will flee at 
the sight of his track, and no animal will venture to touch a deer that 
has been killed and left by him. His strength is such that, even the 
powerful bison falls au easy prey, and a single blow from one of his 
paws has been known to remove the entire scalp from a man’s head, 
He is the only member of his family that will venture to attack man 
unchallenged, but it is said that he will retreat at the scent of a man, 
if he can do so unobserved. He has attributed to him a peculiar 
habit, of digging a pit for his fallen prey, in whieh he covers it over 
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Fig. 2.—BiLack Bear (Ursis Americaiis). 


with leaves and rubbish. Tlunters, knowing this habit, have saved 
their lives in desperate cases by feigning death without wounding the 
bear, eseape being made while the latter is continuing his ramble in 
search of other prey. Ue is so tenacious of life that, nnless shot 
through the heart or brain, his body may be riddled with bullets 
without fatal effeet. One whieh had received two bullets through his 
heart, besides eight in other parts of his body, survived more than 
twenty minutes, and swiun half a mile. The grizzly is not easily 
tamed unless captured at a very tender age, but even then he is rough 
in habits and dangerous as a pet. 
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Next to the grizzly’s cage is that of the black bear ( Ursus cfmer/- 
canus). 1t contains several animals of both sexes. One of the males 
is a very fine specimen, being about the maximum size of his species, 
five and six feet in Jength. His coat is a glossy black, the hairs being 
much shorter than those of his neighbor. On his cheek the hair as- 
sumnes a brownish hue. Wis head is much smaller in proportion to his 
body than is the grizzly’s, it is also narrower, and shows a more de- 
cided convexity of facial outline. The muzzle is longer and narrower 
in proportion to the size of the head. The limbs are far less massive 
and proportionally longer, the feet smaller, and the claws decidedly 
shorter and more erouked, Tlis eyes, too, are larger, and he has, 
instead of the savage, rather a mild and good-humored aspect. In 
keeping with his appearance, he displays a decided disposition to be 
sociable, and readily puts his nose through the bars to reccive frag- 
ments of cake or other delicacies that are offered him by the children. 
Vegetable substances constitute his principal food, althongh he is 
occasionally driven by hunger to steal a pig. Sometimes he has been 
known to attack and kill even a cow, Te is a noted depredator on 
maize and melon fields ; honey is his delight. He is a great climber, 


Fig, 3.—Cinnamon Bear (Ursus occidentalis). 


and an assidnous searcher for “ bee-trees,? which he no sooner finds 
than climbs, proceeding to gnaw through the trunk to the nest of the 
hees. As soon as an aperture large enough to admit his paw has been 
made, honey, comb, and bees are scraped with avidity into his capa- 
cious mouth. 

The black bear is common all over the eastern division of the 
United States, from Maine to Florida, and in fact over a large part of 
the Western territory. In the eolder parts of this area it hibernates, 
but the habit does not seem to be general, at least with the males in 
the warmer parts. It is said that even in the cold latitudes it will 
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not hibernate, unless it is fat at the beginning of the winter. The 
young, varying from one to four in number, are brought forth during 
hibernation in January or February. At first they are not more than 
six to eight inehes long, and are covered with gray hair, They retain 
this color until the second year, when it gives place to black. The 
yellow Carolina bear is merely the young black bear assuming its dis- 
tinctive color. 

The black bear is much hunted for its skin, and the fat which con- 
stitutes the esteemed bear’s-grease of ecommeree. Its numbers have 
been vreatly diminished from this fact. Its flesh forms a good article 
of food, resembling pork, but with a peculiar flavor. Although casily 
tamed and naturally docile, it is a dangerous combatant when pursued 
and roused, The cinnamon bear (Ursus occidentalis) is « variety of 
the black bear, differing in color, as indicated by its name. It is found 
in California, and generally west of the Rocky Mountains. 


Fig. 4.—MALAYAN Sun-BEAR (Jielarctos Malayanus). 


In the building to the west of the Museum we find a small female 
specimen of the Malayan sun-bear (//elarctos Malayanus). Tt no 
sooner observes us pause, than it rears up and extends its paw throngh 
the bars in a singularly implormg manner to induce us to give it some 
food. This, however, we are politely warned against doing by the fol- 
lowing notice, “ Please don’t fred the animals!” which is placed agaist 
the cage. The Malayan bear is one of the stuallest of the Urside fam- 
ily, being at its greatest development only about four feet six inches 
long. Its color is deep black, with a yellowish muzzle and a white 
spot on the breast in the shape of a ereseent with the horns tumed 
up. The neck is shorter and thicker than in other species. Its diet 
is chiefly vegetable, the cocoa-nut being its favorite food. It is very 
destruetive to the cocoa-nut groves, from its habit of devouring the 
succulent shoots that crown the tree, It is easily tamed, and becomes 
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extremely docile and amusing, The name sun-bear (Z/elarctos) has 
been applied to the animal to indicate its habit of basking in the sun, 

The spectacled bear (Ursus ornetus), inhabiting the Cordilleras of 
South America, displays all the distinetive features of the Malayan spe- 


Fig. 5.—Tus Spectactep Bear (Ursus ornatus). 


cies except the semicircular white patches over the eyes which give 
it its name. The two are evidently varicties of the same species, 

The brown bear (Ursus arctos) is the most widely distributed of 
all the species. It is found throughout Europe and Northern Asia, from 
Seandinavia to the Himalayas. In size it is superior to the black 
bear of America, but inferior to the polar bear. The length is gener- 
ally from abont five feet, and the weight five to six hundred pounds, 
although it sometimes attains to séven or eight hundred pounds. The 
color is brown, slightly variable in tint with different individuals, and 
with the same individual at different ages. The neek of the younger 
animal is in some cases encireled by a white collar, which disappears 
as age inereases. The prominence of the brow is much more marked 
than in other species, the soles longer, the claws smaller. It hiber- 
nates during the winter in caves and hollow trees, and, where these are 
not to be found, in holes dug into the earth and covered with moss, 
From one to four cubs are produced at a time. The prineipal food of 
the brown bear is vegetable substances, honey, and the lary of the 
ant. Like the black bear, it is an excellent climber, and wages relent- 
less warfare against the bees, The taste for animal food seems to be 
not altogether natural, but when once acquired is never lost. An 
individual having tasted blood will continne to depredate on the neigh- 
boring folds until he falls a vietim to the indignation of the farmer. 

It will occasionally attack man, especially in the colder parts of its 
range, and is always dangerons and ferocious in combat. The Sean- 
dinayians say in regard to this bear that it “has the strength of ten 
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men and the sense of twelve.” They also have a superstitious rever- 


ence for it, and habitually avoid saying “the bear” by using such 
appellations as the “old nein with the fur cloak,” the “disturber,” the 
“dog of God,” ete. The Indians of America havea similar rever- 
ence for the black bear. The killing of one is always followed by a 
religious ceremouy designed to conciliate the manes of the dead ani- 
mal, The head is decorated with trinkets and placed upon a blanket, 
where the successful hunter blows tobacco-smoke into the nostrils, and 


Fic. 6.—Tue Brown Bear (Ursus arctos). 


makes a conciliatory speech, regretting the necessity for the killing. 
As an instance of the cunning of the brown bear, it is related that, 
when he is desirons of attacking man, the circle of fire, which proves 
such an effeetual safeguard against other animals, is of no avail against 
him, Ife will not attempt to walk through the flames, but retiring, 
immersing himself in the nearest stream, will return and roll his body 
over the brands until the flames are smothered, when he will attack 
the sleeper. Yet for all this he is, when in good condition, a gentle and 
humorous fellow, Two children of a Siberian farmer, aged fonr and 
six respectively, one day wandered away from home. The parents, in 
searching for their children, were amazed to discover them at play with 
adarg@e bear, One of the children was mounted upon the bear’s back, 
while the other was feeding him with berries, The terrified parents 
began to scream, wherenpon the bear quietly left the children and 
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went into the wood. The brown bear is spread over Asia, from the 
Himalayas northward, but in different localities it undergoes slight 
modifications of color, and has therefore received different names ; 
hence the Siberian bear (Crsus eollaris), and the Syrian bear (U7 Lsa- 
bellinus), The former is said to have a white collar around the neck, 


Fic. 7—Synian Bear (Umsus Isabeldiue). 


which is probably the distinetive mark of the younger bear, In the 
latter, the brown color changes into a yellowish hne, from which the 
term Isabel bear is derived. The brown bear of the Himalayas is of the 
same species, Tt seems likely also that itithabits the extreme north- 
western part of North America. Sir John Richardson relates having 
found in the barren lands lying to the northward and eastward of the 
Great Slave Lake, extending to the Arctie Seay a bear which agrees 
with this in many respects, Still, nothing definite is known to estab- 
lish the identity of the two. 

One of the most cnrious members of the bear family is the Asiatic 
or sloth bear (Ursus lubiatus). It is distingnished trom other bears 
by the length of its hair, the length and flexibility of its lips. and the 
peculiar manner in which the fore-feet cross each other in walking, 
Its fur is deep-black, slightly fleeked with brown, but it has a forked 
patch of white upon the breast. The hair from the head and neck 
hangs down over the face, and gives the animal a weird appearance, 
It seems to he snbjeet to the early loss of its incisor teeth, from the 
absence of which, in the first specimens earried to England, it was sup- 
posed to be a species of gigantic sloth. It is almost wholly a vege- 
table feeder, and, it is said, will resort to animal food only in eases of 
extreme hunger, It is quite harmless unless retreat is eut off, when, 
like its relatives, it becomes savage and dangerous. The mother will 
tight bravely in defense of her young, which she usually carries upon 
her back until they have acquired strength enough to make good trav- 
elers, It is an inhabitant of the Himalayas, where it remains in cayes 
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during the day, and performs its rambles by night. This habit is at- 
tributed to the fact that the soles of its feet are covered by a skin so 
tender as to be easily blistered by the sun-heated rocks which consti- 
tute the surface of its monntain-home. 

In the polar bear (Ursus necritimus) the bear family possesses an 
aquatic member, It is inferior in size only to the grizzly bear, and is 
scarcely second to him in strength and terocity. Its color is silvery 
white, tinged with a slightly yellowish hue, which varies in intensity 
with different individnals, The neck is longer in proportioa to the 


Fig. 8.—AsIATIC oR Stotn Bear (U7sus labiatus). 


body than in any other bear, and the head is far smaller, and very 
much pointed. It is also characterized by almost cntire absence of 
facial angle, there being a nearly unbroken line of descent from the 
forehead to the nose. The foot, also, is of greater comparative length, 
being about one-sixth the length of the body, while in the brown bear 
it is only one-tenth. The sole is covered with a thick fur, which ena- 
bles the animal to tread firmly upon the ice. The claws are slightly 
enrved, though not very long. They are quite black, so that they 
stand ont in strong contrast with the fur surrounding them. 

The polar bear is necessarily carnivorous, from the cirenmstances 
under which it exists, vegetable food being absent from its icy haunts ; 
however, when captured and brought to warmer latitudes, it will sub- 
sist on a vegetable dict. It Hyes on fish and seals, and is said to occa- 
sionally capture a walrns, Its movements are remarkably quick, One 
was observed to dive from a block of ice and capture a passing salmon, 
Its mode of capturing the seal evidences much sagacity. Observing 
the position of the basking seal, it dives into the water and swims in 
that direction beneath the surface, occasionally sticking ont its nose 
to “catch a breath.” Proceeding tlins, it rises at length close to the 
seal, which, cnt off from the water, falls an easy prey, escape over the 
ice heing impossible, on account of the swifter movements of the bear. 
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This bear seldom attacks man if unmolested. The pregnant females 
hibernate, but the males and other femmles do not. The first scrapes 
a hole into the snow, where, buricd as it were, she passes the winter, 
bringing forth her babies, generally two in number, during that time. 
The mother will always die before leaving her eubs in danger, and, if 
they be killed first, she is said to make a most affecting display of erie. 
The flesh of the polar bear is highly esteemed by the arctic vovagers 
as an article of food. 
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Fig, 9.—Potar on Wire Berar (Ursus maritimus) 


Scattered throughout Europe are the remains of extinet bears, usu- 
ally found in caves, from which fact they are said to belong to the 
eave-bear, They have been divided into two species, Urses spelueus 
and Ursus priseus. The former is larger than any living species, In 
areeent number of the Poprlur Science Review, Mr. A. Leith Adams, 
M.B., F.R.S., makes an interesting attempt to establish the identity 
of the grizzly and the Ursus speleus. He thinks that the former was 
at one time common to Europe, and that the latter were only larger 
individuals of the same species. He was led to this conclusion from 
observations on the brown bear of the Timalayas, in which species he 
found that certain males occasionally grow much larger than the aver- 
age, and that such are peculiarly addicted to living in caves, from 
which they scldom wander except fora few hours daily, Tt secms, 
also, that certain slight modifications of the skcleton oeeur in the 
overgrown individuals. Reasoning from analogy, he concludes that, 
when means of subsistence were abundant in Europe, it ts likely that 
asimilar peculiarity of excessive growth in certain individuals also 
characterized the grizzly species. This hypothesis, he thinks, sufhi- 
ciently accounts for the difference in size, while the cave-loving habits 
of the Jarger individuals would explain the preservation of their re- 
mains. The Ursus priscus he regards as identical with the brown 
bear (Ursus arctos). 

Regarding the distribution of hears, we have found the grizzly re- 
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stricted to the Rocky Monutains and the adjacent plains; wlile the 
black bear takes his place in other parts of the North American Conti- 
nent, exeept In the extreme northwest. The Malayan bear we found 
distributed over the archipelago that bears its name, the southern 
part of Asia, and even Sonth America, though with slight moditica- 
tions. The brown bear (Ursus arctos), we have seen, holds undisputed 
sway of Europe, of Asia north of the Himalayas, and that it probably 
extends even to the northwestern part of North America, And, in 
marked contrast with this wide range, we find the sloth-bear ccntfined 
to the Himalayas, and the polar bear to the Arctic Ocean. 


WOMAN'S PLACE IN NATURE. 
By FRANCES EMILY WHITE, M.D. 


hE dine in knowledge is defined by Terbert Spencer as “ the 
bringing of thoughts into harmony with things.” Plato enun- 
ciated the same great truth more than two thousand years ago. 
“Man,” he says, “is not a system-builder; his Joftiest attainment 
reaches no higher than this: through endeavor, through discipline, 
through virtue, he may sce what ¢s.” Recognizing the profound wis- 
dom of these utterances of the ancient and the modern master, I pro- 
pose, in studying the nature and place of woman, to be guided by this 
principle, which has led to results so satisfactory m other departments 
of science, and, forgetting theories, to study woman as she is. Should 
some onward elances be attempted, “a seicntitic use of the imagina- 
tion” only will be indulged in, and the possibilities of the future will 
be inferred from the actualities of the past and the present. 

As man’s place in Nature is to be comprehended only by compari- 
son with the various grades of organisms below him in the scale of 
being, so woman’s place, as compared with that of man, is to be right- 
ly understood only by a study of the relations of the sexes through 
the whole range of organized beings, involving a consideration of yege- 
table existence even, since sex accompanies al] its higher forms, Para- 
doxical as it may seem, the less inclndes the greater—evolution being 
an unrolling or unfolding of that which potentially exists, It is by 
means of such a review, if at all, that we may hope to find answer to 
the questions of the day, relating to woman. Ilow does she differ 
from man, and to what extent do these differences modify or deter- 
mine her place in fe? In other words, how does that differentiation 
of the hnman germ which we designate as feminine, influence the or- 
ganismas a whole? Will these questions admit of complete solution ? 
Probably not; no great question has ever yet been fally answered— 
and, although the human organism may be divided, for purposes of 
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study, into numerons sets of apparatus, each having a definite office in 
the general economy—as the digestive apparatus, the reproductive, 
the intellectual, ete.—the correlation of all the forces and functions of 
the body is so intimate aud subtile that true philosophy makes uo at- 
tempt to measure the exact and separate influence of any one force or 
function upon the rest, or upon the organism as a whole. Hence, to 
estimate the influence of sex im any given organism is nnpossible upon 
general principles, and evidently so in the case under consideration, 
from the fact that there is no standard of comparisen, To assume 
mau as the standard would be obviously absurd, for he is as distine- 
tively differentiated as is woman, and it is impossible for a scientific 
imagination to coneciye of a common type of the human species ex- 
cluding the idea of sex; the attempt would demonstrate the impossi- 
bility of separating the mental conception of its two phases—just as 
it would be impossible to conceive of a magnetic needle without po- 
larity, Jts opposite poles may be designated and described, their 
peculiarities discussed, and their superficial relations partially under- 
stood; but who has any distinct idea of the real significance of their 
relations ? The only clear thought is that they are complemental, and 
incapable of separate existence—furnishing a complete example of 
perfect duality in perfect unity; and the absurdity of the idea of a 
“eommon type” of its two poles is obvious. If any thing, it would 
be a magnetic needle without magnetism ; im other words, a conceived 
inconeeivability ! Reeognizing the difficulties which beset this inves- 
tigation, then, the most that can be hoped for is the attainment of 
some broader and deeper truth than appears on the surface of the 
present disturbances in the social world; the only legitimate inquiry 
seems to be in regard to the influenees and conditions which have re- 
sulted in the woman of to-day; and the practical questions related to 
it: Is there a tendency toward any important change in these influ- 
enees and conditions, and, if so, in what direction? From what las 
gone before, my readers will have already inferred that the study of 
this subject will unavoidably inelude that of its natural complement, 
and that, should we suceeed in obtaining auswer to these questions, 
others of equal interest will find solution. 

While the distinction of sex has for its manifest object the con- 
tinuation of the race, that it is of deeper significance than this—that it 
has important bearings upon race-deyelopment as well as race-pres- 
ervation—is indicated by a mass of evidence of so great weight as to 
earry with it the force of a demonstration, In Darwin’s “ Descent of 
Man” we have an accumulation of statements of facts gathered from 
vast fields of observation by many of the foremost naturalists of the 
age; and his deductive interpretations of these facets seem to have 
been accepted by a majority of the leading naturalists and physicists 
of the day. Such being the case, we are warranted in making this 
work the basis of our inquiry, thus looking at the subject from the 
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side of natural history, Should some additioual deductions and in- 
terpretations be brought ont, it is hoped that they will not be found 
either forced or imaginary. 

In order to a clear understanding of the line of reasoning em- 
ployed, we must distinguish between the terms “natural selection” 
and “sexual selection,” as used by Darwin, The traits resulting 
from these two processes are under a different law of heredity—those 
arising through natural selection being transmitted alike to the young 
of both sexes, while the results of sexual selection are inherited mainly 
hy the adults of the corresponding sex, Tt will be seen that these are 
important laws, and that they furnish a key to our inquiry into the 
conditions and influences which have resulted in the woman of to-day, 
Under the operation of this second law (quoting from the “ Descent of 
Man”), “it is the male whieh, with rare exceptions, has been chictly 
modified—the female remaining more like the young of her own spe- 
eies, and more like the other members of the same gronp. The cause 
ot this seems to lie in the males of almost all animals having stronger 
passions than the females. Ifence it is that the males fight together, 
aud sedulously display their charms before the females; and those 
whieh are victorions transmit their superiority to their male offspring.” 
The question naturally arises, How have the males of the lower ani- 
mals acqnired this greater strength of passion? Says Darwin: “It 
would be no advantage, and some loss of power, if both sexes were 
mutually to search for each other; bat why should the male almost 
always be the seeker?” Reasoning from the lower forms of life, he 
points out the fact that the oyules, developed in the female organs of 
plants, must be nourished for a time after fertilization ; hence the 
pollen is necessarily brought to them—being conveyed to the stigma 
by insects, by winds, or by the spontaneous movements of the stamens 
themselves, upon which the pollen grows. “ With lowly-organized 
animals permanently affixed to the same spot, and having their sexes 
separate, the male element is invariably brought to the female; and 
we can see the reason; for the ova, even if detached before being fer- 
tilized, and not requiring subsequent nourishment or protection, would 
he, from their larger relative size, less easily transported than the male 
element. . . . In ease of animals having little power of locomotion, the 
fertilizing element must be trusted to the risk of at least a short tran- 
sit through the waters of the sea, Tt, would, therefore be a great ad- 
vantage to such animals, as their organization became perfected, if 
the males, when ready to emit the fertilizing element, were to acquire 
the habit of approaehing the female. The males of various lowly- 
organized animals having thus aboriginally acquired the habit of seek- 
ing the females, the same habit would naturally be transmitted to their 
more highly-developed male descendants; and, in order that they 
should become efficient seckers, they wonld have to be endowed with 
strong passions. The acquirement of such passions would naturally 
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follow from the more eager males leaving a larger number of offspring 
than the less eager.” 

Thave quoted thus at length upon this point, in aecordanee with 
the principle already laid down, that the lower is a type of the higher. 

Following Darwin’s argument—* the greater eagerness of the male 
has thus indireetly led to the more frequent development of secondary 
sexual characters in the male than in the female ”—secondary sexual 
characters being those not directly concerned in reproduetion. Among 
these are the greater size, strength, courage, and pnenacity of the 
male, which most naturalists admit to have been acquired or modified 
by sexual sclection—not depending on any superiority in the general 
struggle for life, but on certain individuals of one sex, generally the 
male, having been snecessful in conquering other males, and thus hav- 
ing lett a larger number of offspring to inherit their superiority. 

In the human species, the differences between the sexes are marked. 
The greater size and strength of man are apparent. lis broader shoui- 
ders, more powerful muscles, greater physieal conrage and pugnacity, 
may be plainly claimed, by Darwin and his adherents, as man’s in- 
heritance from a long line of ancestry, of which the vanishing-point is 
in the remote past, among the lowest forms of life. 

Whether or not this relationship be aceepted, the same principles 
which have prevailed among lower animals must have been operative 
in the progress and development of the human raee. 

During the long ages when man was in a condition of barbarism, it 
must have been the strongest and boldest hunters and warriors who 
would succeed best in the strnggle for existence, thus improving the 
race through the operation of natural selection, and the survival of the 
fittest; while the stronger passions accompanying these traits wonld 
lead to their success in securing the wives of their choice, 

They would necessarily, by means of the same advantages, leave a 
more numerous progeny than their less snecessful rivals. It is here 
that the laws of sexual selection and heredity come in to maintain and 
increase the differences between the sexes. Who can doubt that a dif- 
ference in mental characteristics would result from such causes? The 
greater necessity for exertion on the part of men would inevitably re- 
sult in the development of more robust intellects. “ Mere bodily size 
and strength would do little for victory unless associated with courage, 
persevernnee, and determined energy. 

“To avoid enemies or to attack them suecessfully, to capture wild 
animals, and to invent and fashion weapons, reqnire the aid of the 
higher mental faculties, namely: observation, reason, invention, or im- 
agination. These varions faculties will thus have been continually put 
to the test and selected during manhood; they will, moreover, have 
been strengthened by use during this same period of life. 

“ Consequently, in accordance with the principle often alluded to, 
we might expect that they would at least tend to be transmitted chiefly 
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to the male offspring at the corresponding period of manhood. .. . 
These faeultics will have been developed in ian partly through sexual 
selection, that is, through the contests of rival males, and partly 
through natural selection, that is, from suecess in the general struggle 
for life... 

“Thus,” continues Darwin, “man has ultimately become superior 
to woman.” We will say, rather, thus have men and women come to 
differ mentally as well as physically. We will take further testimony, 
and inquire what sexnal selection has been accomplishing for women 
during these long periods of man’s physieal and mental development, 
before accepting the unmodified dictum of superiority. 

The authority so frequently quoted tells us that “the equal trans- 
mission of characters to both sexes is the commonest form of inberi- 
tance,” and that “this form has commouly prevailed throughout the 
wuole class of mammals.” ILence the advantages primarily gained by 
man have been bestowed upon his descendants of both sexes, though, 
as has been shown, in a somewhat less degree upon the female. Let 
us how glance at the converse of these vivid pictures of the adyan- 
tages accruing to man through habits and conditions arising from pri- 
inary sexual characters, and endeavor to learn whether the habits and 
conditions necessarily attaching to the female have been the source of 
any gain either to herself or to the race as a whole. 

The Jess degree of hardship and exposure to which she has been 
subjected haye doubtless tended to develop in her the physical beanty 
in which she is generally acknowledged to be man’s superior; while 
the faet that women have long been selected and prized for their 
beauty will have tended, on the prineiple of sexual selection, to in- 
crease the differences originally acquired through natural selection. 

The “sweet low voice” which has so long been accounted “an ex- 
cellent thing in woman,” has undoubtedly been gained in a similar 
manner. ly the pursuit of her more quiet avocations there would be 
less likelihood of the development of large and powerful vocal organs, 
as it is during the excitements of battle and the chase that the fiereest 
yells and wildest shouts are produeed. The perception of musical 
cadences, and a sensitiveness to the Influence of rhythm, manifested 
even by many of the lower animals, naturally associating themselves 
with the rhythm of motion, would tend to early development, on the 
part of the female, in the care and nursing of her young; while sexual 
selection has probably played a still more important part in the origin 
of music. 

“ Although,” says Darwin, “the sounds emitted Dy animals of all 
kinds serve many purposes, a strong case ean be made out that the 
voeal organs were primarily used and perfected in relation to the propa- 
gation of the species.” 

Many of the lower animals are mute except during the breeding- 
season, and the calls, melodious .or frightful, of most animals have 
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either a social, an amatory, or a maternal meaning. Thus, through 
the principle of inherited associations, music asserts its sway over the 
deepest emotions of the nature—spoken of by Herbert Spencer as 
arousing “dormant sentiments of which we had not conceived the pos- 
sibility, and do not know the meaning,” and apostrophized as follows 
by the more impassioned Richter: “Away! thou tellest me of that 
which I have not and never can have; which I forever seek, and never 
find!” Tts mysterious influence is explained by Darwin as consisting 
in its power of exciting sensations and ideas which “ appear from their 
yagneness, yet depth, like mental reversions to the emotions and 
thoughts of a long-past age.” 

Woman, mable to obtain an influence by those means so readily at 
the command of man, will have naturally resorted to milder measures, 
both for securing any desired object, and in self-defense; and music, 
appealing as it dves to the gentler and more tender emotions, will have 
been often employed in arousing the better nature of him at whose 
merey her inferior strength has placed her. Thus she will have held 
the rader passions of man in check, and, iu taming his wilder nature, 
will have developed an increasing gentleness both of feelings and of 
manners in the entire race. 

During the battles of rival males, the female will have occupied the 
less active but more dignified position of arbiter and judge. Not be- 
ing in the heat of the conflict, she will have had opportunity to ob- 
serve the strategy of each, and to weigh their comparative merits, 
By this exercise of the faculties of observation, comparison, judgment, 
and reason, her intelleetual powers will have been “ continually put to 
the test and seleeted diving” womanhood. Unfairness in the conduct 
of the battle will doubtless have roused her indignation, and compelled 
her better feelings in favor of the more honorable combatant. Sym- 
pathy for the vanquished will sometimes have taken the place of ex- 
ultation in the superior prowess of the victor, and admiration for mere 
museular power will have had to contend with these finer emotions. 

While man has been engaged in contests with the common enemy, 
during which his fiercest passions will have been aroused, woman has 
been subjected to the discipline of family life. To meet emergencies 
suecessfully, to provide for the sick, to maintain order and disciphne 
in the household, which, at an early period in human history, included 
slaves as well as children, will have required mental powers of a high 
order, At the same time she will have developed a inilder character 
through the exercise of the beneficent traits of maternal love, and 
solicitude for the absent husband and father. These feelings of tender- 
ness.and love will have gradually prepared the way for the develop- 
ment of the devotional sentiment, and will have thus furnished a basis 
for the deeper religious nature which has become a part of woman’s 
birthright. 

Darwin says that the foundation of the moral qualities lics in the 
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social instinets, including in this term the family ties—the more im- 
portant elements being love and sympathy. 

Thus it appears that while sexual selection and intellectual de- 
velopment have gone hand-in-hand, it is no less true that the moral 
aud emotional sides of, human nature have been developed by the 
operation of the same laws mainly through the female portion of the 
race, Though Darwin seareely does more than toueh upon this phase 
of the subject, he says: “ Woman seems to differ from man in mental 
disposition, chiefly in her greater tenderness and less selfishness ;” 
and again: “It is indeed fortunate that the law of equal transmission 
of characters to both sexes has commonly prevailed throughout the 
whole class of mammals; otherwise it is probable that man would 
have become as superior in mental endowments to woman as the pea- 
cock is in ornamental plumage to the peahen.” 

J shall refrain from indulging in any “ would-have-beens ” upon the 
moral aspects of this picture, in the contingency to which Darwin 
alludes, since we are concerned only with what és. 

Our authority continues; “That there is a tendency to the equaliz- 
ing of the sexes is undoubted in many of the secondary sexual eharac- 
teristics ; woman bestows these superior qualities on her offspring of 
both sexes.” 

Applying the principles, to the operation of which he imputes man’s 
mental snperiority, we will add—though in a greater degree upon her 
adult female offspring, since it is during her maturity that these quali- 
ties of greater tenderness and less selfishness are most called into ex- 
ercise. 

Although Darwin states that man has been more modified than 
woman by the law of heredity im connection with sexual selection, he 
adinits its force in the development of both sexes by many statements 
which might be quoted, were it necessary. The principal argument 
against its equal force in the two cases is found in the fact that the 
young of both sexes in many animals, including the human, most re- 
semble the mother, While this is true in a limited sense, the points 
of greater resemblance being mainly of a physical character, as supe- 
rior softness and smoothness of skin, greater delicacy of muscles, mus- 
cular tissue, etc, it is not applicable to the qualities of tenderness 
and unselfishness, the cruelty and sclfishness of children, especially 
boys, being proverbial, 

Still quoting from the same work: “ Although men do not now 
fight for the sake of obtaining wives, and this form of selection has 
passed away, yet they generally have to undergo, during manhood, a 
severe struggle in order to maintain themselves and their families, and 
this will tend to keep up, or even increase, their mental powers, and, 
as a consequence, the present inequality between the sexes, ... In 
order that woman should reach the same standard as man, she ought, 
when nearly adnlt, to be trained to energy and perseverance, and to 
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have her reason and imagination exercised to the highest point; and 
then she would probably transmit these qualities chiefly to her adult 
daughters, The whole body of women, however, could not be thus 
raised, unless, during many generations, the women who excelled in 
the above robust virtues were married, and produced otispring in 
larger numbers than other women.” 

Though the writer appears to see no incompatibility in these two 
conditions of the intellectual elevation of women, doubtless many of 
my readers will, particularly such of them as have borne and raised 
large families, 

Herbert Spencer says: “Taking degree of nervous organization as 
the chief correlative of mental capacity, and remembering the physio- 
logical cost of that discipline whereby high mental eapacity is reached, 
we may suspect that nervous organization is very expensive; the in- 
ference being that bringing it up to the level it reaches in man, whose 
digestive system, by no means large, has at the same time to supply 
muterials for general growth and daily waste, involves a great retar- 
dation of maturity and sexual genesis.” This is a general statement, 
applicable to the race as a whole, but it follows that, in so far as re- 
prodnetion is a greater physieal tax npon woman than upon man, so 
far she labors under a natural disability to equal man intellectually, 
there being a necessary antagonism between self-evolution and race- 
evolntion, since energy expanded in one direction is not available in 
another. 

Darwin, in suggesting a method—evidently impracticable, however 
—by which women may become the intellectual peers of men, fails to 
provide for the elevation of man to a moral equality with woman, 
although he admits that “the moral faculties are generally esteemed, 
and with justice, as of higher value than the intellectual powers.” He 
says also that “the moral nature of man has reached the highest 
standard as yet attained, partly through the advaneement of the 
reasoning powers and consequently of a just pubhe opinion, but espe- 
cially through the sympathies being rendered more tender and widely 
diffused.” 

Tn regard to the future progress of the race, Herbert Spencer asks 
“in what particular ways this further evolution, this higher lie, this 
greater cobrdination of actions may be expected to show itself; and 
concludes * that if will not be in the direetion of increased muscular 
strength, but somewhat in an increase of mechanical skill, largely in 
intelligence, but most largely in morality. 

Thus these high authorities assign to woman a place in the pro- 
duetion of those influences whieh have developed and must continue 
to develop mankind, coextensive in importance with the moral interests 
of the raee. 

But, if I have read their teachings aright, neither man nor woman 


} For argument, see ‘‘ Principles of Biology,” vol. ii, p. 495. 
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can justly take any individual pride, the one in his intellectual, the 


other in her moral superiority ; rather they must see themselves as 


“ Parts and proportions of a wondrous whole ;” 


as the accompanying movements whrech make up the harmony of the 
grand diapason of the human race. 

And there is that just adaptation of the different parts which is 
essential to and constitutes harmony. Bacon says that the causes of 
harmony are equality and correspondence; and Pope completes our 
argument with the line— 


“All discord, harmony not understood.” 


There can be, then, no real conflict of interests between man and 
woman, since there is a mutual dependence of each upon the other, 
bringing mutual good. Neither can it be a misfortune to be a woman, 
as so many at the present day would have us believe, althongh her 
position may be in some respects subordinate to that of man. 

In fact, the subordination of man to woman, different in kind from 
its converse, is equally apparent; both seem to be matters of common 
consciousness. It may be readily seen how, in carly times, when mus- 
cnlar strength and general physical power were held in the highest 
esteem, that the position of woman should have been a subordinate 
one, Animal courage, endurance of physical hardships, the strength, 
cunning, and agility, which enabled men to cope with wild beasts and 
with each other, were the traits of character most prized, because most 
conservative of life in those barbarous times; hence the idea that, 
woman’s position is naturally a subordinate one, has acqnired the force 
of a primal intuition, and might almost be claimed as a “datum of 
consciousness.” But, as the necessities of existence have been gradu- 
ally modified by civilization, both the character and degree of her 
subordination have notably changed. 

Those qualities, regarded as preéminently feminine, have risen in 
common estimation, and mere muscular superiority, aud even intellect- 
ual power, are now put to the test of comparison with the higher mora] 
qualities. 

It is trne that the laws of most countries still discriminate in a 
manner unfavorable to women. Legislation has been largely upon the 
ideal basis of every woman being under the protection of some man, 
and of all men being the true defenders of all women, and this is evi- 
dently traceable to the conviction, already alluded to, that a subordi- 
date position belongs naturally to woman. Lecky says that “the 
change from the ideal of paganism to the ideal of Christianity was a 
change from a type which was essentially male to a type which was 
essentially feminine.” As the race shall continue to approach the 
level of its lofty ideal, the subordination of woman, as well as that of 
man, will continue to lessen, since both have their chief foundation in 
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the lower traits of character, the foree in the one case being superior 
strength combined with power of will, and, in the other, superior 
beauty with the desire to fascinate. As these infiuences are gradually 
losing their power of despotic sway, woman, in place of acting as the 
slave, the toy, or the tyrant of man, is becoming not only his compan- 
ion, but the custodian of the moral and religious interests of society, 
man looking at her as the natural critic and judge of the moral aspects 
of his conduct. 

While the varying characteristics of the two sexes are thus seen to 
be inherent and inevitable (the secondary sexual characters having 
largely grown out of those which are primary and essential), it does 
not follow that they are necessarily indicative of the “sphere” of each 
for all time. While it is doubtless true, in a certain sense, that “ that 
whieh has been is that which shall be,’ nevertheless, change (in ac- 
cordance with law) underlies the very idea of evolution, and as it has 
been and is now, so it ever shall be, that the sphere of woman will be 
determined by the kind and degree of development to which she shall 
attain, Like man, she need know no other limitation; bnt when we 
look around upon the great indnstries of life, mining, engineering, 
manufacturing, commerce, and the rest, and consider how httle direct 
agency woman has had in bringing them to their present stage of 
progress, we are compelled to believe that she must not look toward 
direct competition with man for the best unfolding of her powers, but. 
rather, while continuing to supplement him, as he docs her, in the varied 
interests of their common life, that her future progress, as in the past, 
will consist mainly in the development of a higher character of woman- 
hood through the selection and consequent intension of those traits 
peenliar to her own sex, 
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THE HERMIT OF RED-COAT’S GREEN. 
By DANIEL H. TUKE, M.D., M.R.C.P. 


ee remembers Mopes, the “slothful, unsavory, nasty 
reversal of the laws of human nature ”—Diekens’s famons char- 
acter of “Tom Tiddler’s Ground.” The recent death of the original 
of that sketeh has attracted fresh notice to his strange mode of life, 
I propose to consider the question of his insanity; and whether, if 
insane, the mental disorder in this and similar cases calls for inter- 
ference with the individual’s liberty, 

Mr. James Lucas, the fourth child of an opulent London merchant, 
was born in 1813; there were five children in all, of whom a brother 
and sister survive. He had an aunt who, like himself, exhibited a 
contempt for the ordinary decencies of civilized life, and an uncle who 
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was also eccentric, though not in an asyhim, Nothing is known of the 
previous generation, except that the paternal grandfather was success- 
ful in making money. Lucas was considered a healthy boy in mind 
and body up to ten years, when he suffered from a ringworm, and had 
his head shaved, and an ointment, said by a relative to have been very 
strong, rnbbed in, His mother claimed that at this time his character 
underwent a change. She said that “he was never quite the same” 
afterward, Whether or not the implied cause* be deemed adequate, 
it is certain that an alteration in his moral character, marked chiefly 
by waywardness of temper and untruthfulness, occurred at this time. 
He was spoiled by both parents. It is a striking fact that very many 
of the patients admitted into York Retreat were unduly indulged 
when children. 

At seven, he was sent to school, He ran away, but was sent back 
and kept there until he was fourteen. With a view to moral restraint 
and discipline, he was next sent to Mr. Hicks, a physician of Whit- 
well. His stay was short: one day during Mr. Hicks’s absence, he 
escaped and took refuge with a relative, who refused to give him up. 
Mr, Hicks, who is still living, remembers the lad, and tells me that he 
regarded him as the victim of ill-judged indulgence and injudicions 
treatment.. Ie displayed “ incorrigible perverseness and obstinacy, 
combined with a certain amount of cunning.” Mr. Hicks learned noth- 
ing of his previous condition except that, when driven out for an air- 
ing, he would, if taken from the carriage, stand still and shu his eyes. 

He returned home, but his father was totally unable to manage 
him. Ile was self-willed, obstinate, impatient of restraint. Thwarted 
in any of his wishes, he took offense, and shut himself in his bedroom 
for days together, spending therein, it seems, the greater part of his 
time. He would not refuse to eat his meals if they were left at his 
door, but he resolutely refused to return the plates, until, at length, 
his room contained nearly all the crockery in the house. At one time 
he would put on but little clothing; at another, dress like a fop, On 
account of these eccentricities, his father moved into the country, but 
shortly returned, as he there fell into low company and became less 
controllable. He next would not atlow the cinders to be removed 
from his grate, thus keeping the family in constant dread that he would 
set the house on fire. He objected so munch to an attendant, that one 
who had been procured was discharged. 

At his seventeenth year his father died, At twenty, his conduct 
became unbearable, and by medical advice he was foreed to have a 
constant attendant, This supervision, which lasted two years, showed 
how his state of mind was regarded by those competent to judge— 


1Mr. Erasmus Wilson states that no ease ever came to his knowledge of a mental af- 
fection resulting from loeal applications to the scalp. I find from Dr, Russell Reynolds, 
that he has had patients suffering from disorder of the emotions consequent on the use 
of hair-dyes. 
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the late Dr. Sutherland was one of the anthorities consulted. Tt ceased 
only because his mother intensely disliked it. The family now lived 
at Red-Coat’s Green, near Hitchen, in the house where the hermit 
afterward lived and died, Tfe hunted occasionally with a gentleman 
of the neighborhood. We rode either with his shirt outside, or in a 
nankeen suit, barefooted, with a small cap, or bareheaded, his long 
hair streaming in the wind. He bestrode a high-peaked saddle, and 
used a rope for his bridle and stirrups, Sometimes, he would ride in 
a carriage, his hair done up in enrl-papers. He became attentive to 
a young lady, to whom he sent a pair of doves in a cage, but she re- 
turned the present. He persecuted her sadly, by prowling around the 
house. His mother died in 1849. He was then the eldest surviving 
son, bnt a younger one was left executor. <A fatal objection to his 
acting in that capacity was, that he would not sign his name to any 
paper bearing her Majesty’s stamp. He held that she was not the 
rightful heir to the throne, and would not use a postage or receipt 
stamp lest he should seem to admit her supremacy. But he did not 
scruple to use a coin bearing her image. 

IIe kept his mother’s body in the honse from the 24th of Octcber, 
1849, to January, 1850, promising each day to Iet her be bnried “ to- 
morrow.” The greater part of his time was spent beside the corpse. 
at length his brother interfered and buried the body. It has been 
published that he was heart-broken at his mother’s death. His rela- 
tives doubt the depth of this attachment. He, indeed, expressed him- 
self as much attached to her, and intimated that he would die with 
her; but she often said that he never showed his affection by gratify- 
ing one of her wishes. However, he may have felt real sorrow at her 
death, and this seems to be implied by the fact that he allowed things 
in the house to remain just as they were when she died; her letters 
and money untonched, and the beds as they were then made. In fact, 
his distress seemed genuine. He often told a neighbor that he would 
willingly have died for her, and he would weep bitterly at the mention 
of her name. 

lis life as a hermit now began, but, however great his distress, we 
cannot attribute to it his strange mode of life. His brother believes 
that he afterward appeared worse only because all restraint was re- 
moved, Tis brother and sisters could not now live with him. I 
believe he never saw the latter again, while he became estranged from 
the former because of his interference about the interment. Lucas 
spoke in the bitterest terms of his brother, and even left a hay-stack 
untouched, all his life alleging that he would hold him responsible for 
it. Still, his brother visited him several times, and was received. It 
is important to observe that he made a will 2 few years after his 
mother’s death, wherein he evinced no animosity toward his brother, 
nor displayed any cecentricity in the disposition of his property. The 
appearance of the house bespoke the character of the occupant. Win- 
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dows and doors were carefully barricaded, and the house was allowed 
to go to ruin; so likewise was the garden. A tree which fell across 
the walk was not cleared away except to allow a passage to the house. 

T visited the hermit some yeurs ago, going up to the window of 
what bad been the kitebhen, Glass and casement had Jong disappeared ; 


Porrrarr or true Hermit, 


| 


(hy 


the stron¢ upright iron bars alone remained. Tere the possessor of 
ample means, a man of at least fair edueation, lived day and night. 
Te appeared to emerge from a bed of ashes.’ He had not slept in a 
bed for many years. He came forward, and entered, rather reluc- 

1] observed that, when his room was entered after death, the floor was found to be 
eovered two or more fect with cinders that had accumulated. A farmer informs me that 
he has sinee removed fourteen eart-loads of cinders from the house and around 1 
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tantly, into conversation, with a suspicious expression. Unwashed 
for many years, his skin was in an undesirable condition, the whites 
of his eyes contrasting strangely with the rest of his face. Clothes he 
had none; only a dirty blanket loosely thrown over him. is hair, 
long a stranger to scissors or razor, was matted with dirt. Te was 
about five feet six inches high, rather muscular, with dark hair and 
eyes, the latter prominent, and pale complexion. His forehead ap- 
peared well developed. The room had a fire, an old table, a chair, and 
numerous bottles. It is said he suspended a basket from the eciling 
to keep his food from the rats. He spoke to me in a low, rather plain- 
tive tone, which impressed me that he was laboring under a certain 
amonnt of fear or apprehension. Part of his conversation, otherwise 
perfectly rational, conveyed the same impression. He intimated that 
his relations were against him, and I understood him to assign it as 
the reason why his house was barricaded. He appeared to be labor- 
ing under a partial insanity—a monomania of suspicion or persecution. 
Whatever reasons he may have subsequently had for barricading his 
house, his brother informs me that some panes of glass were actually 
broken by stones during the papal aggression in 1850, because he 
leaned to Romanism, and then it was that bars of wood were nailed 
across the windows, 

He wrote no letters, nor wrote at all, that I know of, except upon 
acheck, Te had a check-book and used it to pay some of his bills. 
When he required money, his bankers received a verbal message, and 
sent a clerk to transact business with him. The check was always 
very correctly written, and the counterfoil duly filled in. On his last 
check, dated April 14, 1874, the signature, unlike the previous ones, 
was rather shaky. Because of his antipathy to stamps, the receipt- 
stamp had to be added afterward, The dividend-warrants that came 
to him remained uncashed for the same reason, forming a large col- 
lection of very dirty papers. About four years ago he was induced to 
authorize his bankers to receive his dividends, and thus surmounted 
his seruple to recognize the queen. Landed property of his at Liver- 
pool, required for public purposes, was sold under compulsion because 
he would not become a party to the sale, as it involved the use of a 
stamp. The money was placed in the Bank of England, and remained 
there to his death, because he would not use a stamp to draw it out. 
JT have a curious proof of his shrewdness aud desire to get the money. 
A solicitor he knew had some connection with the Court of Chancery. 
One day he suggested to him to file a bill in chancery to obtain the 
money. IIis visitor replied that the court would then institute an 
inquiry into the condition of the owner. “ What!” asked Lucas, 
alarmed, “do you mean de dunatico?” An affirmative answer killed 
the scheme. 

Lucas was not a miser. He gave to swarms of tramps, in coppers 
and gin, giving always more to a Romanist than a Protestant. It is 
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said that on last Good Friday he doled out sweetmeats, coppers, gin- 
and-water (large quantities of which he always kept on hand) to two 
hundred children. For some years he gave a poor old woman four 
shillings a week. His dict was simple, though not secant. He ate 
bread, cheese, and red herrings, and drank both milk and gin. Once, 
however, he gave up milk—and this, of course, is an important feature 
of his case—because he suspected that poison had been put into it. 
At one time he charged a farmer who supplied him with eggs with 
putting poison into them. When the farmer replied that it would be 
rather a dificult thing to do, he said that some poison must have been 
given to the old hen, We did not habitually drink to excess, but was 
occasionally drunk. It is supposed that he drank largely of gin the 
evening before his death, while feeling depressed. Fear of poison 
frequently Ied him to change his baker, and he carefully selected a 
loaf. In his room was found nearly a cart-load of loaves which he 
probably suspected of containing poison. 

Ile died of apoplexy at sixty-one, on the 19th of April last. A 
week before his death he appeared as well as usual; he was, in fact, 
lively and communicative, and seemingly without any unfriendly spirit 
or delusion regarding his friends. Ile spoke with an asthmatic visitor 
very intelligently of the symptoms and causes of that disease. He 
remembered the number of years (seven) since he had seen him, and 
the subject discussed, which the visitor had forgotten. Sometimes, 
however, he complained of losing his memory, and it was noticed 
latterly that in using a Greek word—he partially remembered both 
Greek and Latin—he could not recall the whole of it, and, contrary to 
his custom, would be at a loss for a word. One who frequently visited 
him says that he was sometimes low-spirited, crying like a child, be- 
moaning his condition, and attributing it to the unkindness of his 
brother, which I know to be entirely false. At other times, if contra- 
dicted, he would fly into a passion, swear, and act so violently that his 
guest would be glad to get out of the house. Because, while this 
visitor was present once, a medical man happened to eall, he quarreled 
with lim, and suspected the two of a conspiracy. 

That there was no imbecility of mind may at once be granted. 
Ilis conversation was coherent and sensible; he was shrewd and wide 
awake in the ordinary transactions of his Hmited life, and he fully 
understood the value of money; his memory was remarkably reten- 
tive.’ Most of his visitors failed to detect any signs of madness, and 
it is doubtful whether any jury would have found him insane. The 
commissioners considered his case in 18538, and took the testimony of 
his brother and a neighbor, but coneluded that there was not sufficient 

1 One of his visitors, a traveled man, was surprised to find that Lucas had so much 
acquaintance with the various localities which turned up in conversation, His knowledge 
of Shakespeare and of the literature of the Restoration was very considerable. A medi- 
cal man informs me that, in conversing with him about the classics, he displayed much 
intellixence, 
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evidence to warrant an interference. Mr. Forster saw the hermit last 
year, and found him singularly acute, without the least trace of men- 
tal aberration. He said to that gentleman: “You may think it strange 
my living like this. So do I sometimes, but it is not done without a 
reason.” Nor could Forster’s friend, Dickens, recognize the signs of 
madness in his behavior. 

On the other hand, there is the family history pointing to heredi- 
tary predisposition to insanity, only wanting some exciting cause to 
develop it; also the change of character at ten, with an alleged phys- 
ical cause; the action, as a moral cause, of an injuriously indulgent 
rearing; the constant waywardness, obstinate willfulness, in a word, 
wrongheadedness ; the acts which frequently alarmed his family; the 
necessity at length of legal restraint; the freaks regarding dress; his 
extraordinary conduct on the death of his mother; the persistent 
delusion respecting the queen, involving much loss of property ; the 
entire neglect of his dwelling and person; his groundless suspicion of 
and antipathy toward his brother; the delusion that poison was put 
into his food; his fits of mental depression; and his violent passion on 
the slightest contradiction, These charactcristics—in many respects 
so familiar to us in asylum-life, and so easily conceivable in others if 
certain cases of insanity we have known had been allowed to develop 
—prove that the hermit’s condition passed the limits of eccentricity, 
that his emotions were perverted by disease. But, while his case was 
primarily one of moral insanity—a madness of action rather than lan- 
guage, a state of degraded feeling rather than of intellectual ineapa- 
city—his suspicions at times took the form of a definite delusion. It 
should be carefully borne in mind that his isolated life, and neglect 
of his residence and dress, did not arise from the preoccupation of his 
thoughts by any absorbing pursuit. He had none. It arose from his 
diseused mental condition, and the solution of the problem of his life 
can be obtained only by tracing back his history to the unfavorable 
circumstances of his childhood, acting upon a brain in all probability 
predisposed to disease. 

Should such a man be interfered with? Interference could not be 
made on account of the neglect of his property, or of his mode of life. 
But, conceding his insanity, would it have been desirable to place him 
under care? He was harmless to others, and also to himself, except 
in a very general sense; but might he not have been benefited and 
really more comfortable nnder medical treatment and control? And 
answering, as I think this case did, the definition of the law, that 
there must be “demonstrative proof of the incapacity of the indi- 
vidual to be trusted with himself and his own concerns,” it certainly 
would have saved a great deal of trouble, had he been under the pro- 
tection of the lord chancellor. I submit that such control would 
have been better for the neighborhood, for his family, and for the 
hermit himself. 
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ADDRESS BEFORE THE AMERICAN ASSOCIATION? 
By Pror. JOSEPH LOVERING. 


Il. 
Mathematical Investigations in Physics. 


| AM thus suddenly bronght face to face with the second head of 
my subject: the mathematical and philosophical state of the 
physical sciences. 

The Iuminiferons ether and the undulatory theory of light have 
always troubled what is supposed to be the imperturbable character 
of the mathematics. The proof of a theory is indisputable when it 
can predict consequences, and call successfully upon the observer to 
fulfill its prophecies. It is the boast of astronomers that the law of 
gravitation thns vindieates itself. The undulatory theory of light has 
shown a wonderful facility of adaptation to each new exigency in 
optics, and has opened the eye of observation to see what might 
never have been discovered without the promptings of theory. But 
this doctrine, and that of gravitation also, have more than once been 
arrested in their swift mareh and obliged to show their credentials. 
After Fresnel and Young had seenred a firm foothold for Hnyghens’s 
theory of light in mechanics and experiment, questions arose which 
have perplexed, if not baftled, the best mathematical skill. How is 
the ether affeeted by the gross matter which it invests and permeates ? 
Does it move when they move? If not, does the relative motion be- 
tween the ether and other matter change the length of the undulation 
or the time of oscillation ? These queries cannot be satisfactorily an- 
swered by analogy, for analogy is in some respects wanting between 
the ether and any other substance. Astronomy says that aberration 
cannot be explained unless the ether is at rest. Optics replies that 
refraction eannot be explained unless the ether moves. Fresnel pro- 
duced a reconciliation by a compromise. The ether moves with a 
Tractional velocity large enough to satisfy refraction, but too small 
to disturb sensibly the astronomer’s aberration. In 1814, Arago re- 
ported to Fresnel that he found no sensible difference in the prismatic 
refraction of light, whether the carth was moving with full speed 
toward a star or in the opposite direetion, and asked for an explana- 
tion. Fresnel submitted the question to mathematical analysis, and 
demonstrated that, whatever change was produeed by the motion of 
the prism in the relative velocity of light, the wave-length in the 
prism, and the refraction, was compensated by the physiological aber- 
ration when the rays emerged. Very recently, Ketteler, of Bonn, has 


1 Retiring Address before the American Association for the Advancement of Science 
at the Hartford meeting, August 14, 1874, by the ex-President. 
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gone over the whole ground again with great care, studying not only 
Arago’s case but the general one, in which the direction of the light 
made any angle with the motion of the earth; and he proves that the 
light will always enter the eye in the same apparent direction as it 
would have done if the earth were at rest. The mathematical and 
physical view taken of this subject by Fresnel has been under dis- 
cussion for sixty years, and forty eminent physicists and mathe- 
maticians might be enumerated who have taken part in it. Fresnel’s 
explanation has encountered difficulties and objections. Still, it is 
consistent not only with Arago’s negative result, but with the experi- 
ments on diffraction by Fizean and Babinet, and the preponderance 
of mathematical evidence is on that side. Mr. Huggins runs counter 
to the general drift of physical and algebraical testimony (although 
he appears to be sustained by the high authority of Maxwell), when 
he attributes some displacement of the spectrum-lines to the motion 
of the earth, and qualifies the observed displacement on that account. 
The number of stars which Huggins has observed is insnfficient for 
any sweeping generalization. And yet he seems inclined to explain 
the revelations of his spectroscope, not by the motion of the stars, but 
by that of the solar system; because those stars which are in the 
neighborhood of the place in which astronomers have put the solar 
apex are moving, apparently, toward the earth, while those in the op- 
posite part of the sky recede. If it be true that the earth’s annual 
motion produces no displacement in the spectrum, then the motion of 
the solar system produces none. Or, waiving this objection, if the cor- 
rect explanation has been given by Huggins, astronomers have failed, 
by their geometrical method, of rising to the full magnitude of the 
sun’s motion. The discrepancy appears to awaken no distrust in Mr. 
Huggins’s mind as to the delicacy of the spectrum analysis or the 
mathematical basis of his reasoning. On the contrary, he would re- 
move the discrepancy by throwing discredit on the estimate of star- 
distances made independently by Struve and Argelander from differ- 
ent lines of thought. 

Next, we ask, if it is certain that even the motion of the luminary 
will change the true wave-length, the period of oscillation, and the re- 
frangibility, of the light which issues from it. The commonly-received 
opinion on this subject has not been allowed to pass unchallenged. It 
is fortified by more than one analogy ; but it is said that comparison 
is not always a reason. It is not denied that, when the sonorous body 
is approaching, the sound-waves are shortened, the number of impulses 
on the ear by the condensed air is increased, and the pitch of the sound 
is raised. Possibly, the color of light would follow the same law; but 
there is no experiment to prove it, and very little analogy exists be- 
tween the eye and the ear. There is no analogy, whatever, between 
the subjective sensation by either organ and the physical action of 
the prism. The questions at issue are these: Does refraction depend 
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upon the absolute or the relative velocity of light; are the time of 
oscillation of the particles of ether and the normal wave-length, cor- 
responding to it, changed by any motion of translation in the origin ; 
or is the conservation of these elements an essential attribute of the 
luminiferous medium? It has been said that Doppler reasoned as if 
the corpuscular theory of light were true, and then expressed himself 
in the Iangnage of undulations. Evidently there is an obseurity in 
the minds of many physicists, and an uncertainty in all, when they 
reason upon the mechanical constitution of the ether, and the funda- 
mental laws of light. The mathematical theory is not so clear as to 
be able to dispense with the illumination of experiment. Within the 
present year, Van der Willigen has published a long and well-consid- 
ered memoir on the theoretical fallacies which vitiate the whole of 
Hnggins’s argument for the motion of the stars and nebule. Lis anal- 
ysis proves that the motion of the luminary will not interfere with 
the time of oscillation and the wave-length, provided that the origin 
of the disturbance is not a mathematical point but a vibrating mole- 
eule, and that the sphere of action of this molecule upon surrounding 
molecules is large enough to keep them under its influence during ten 
or a hundred vibrations, before it is withdrawn by the motion of trans- 
lation. If this theoretical exposition of the subject should be gener- 
ally adopted by mathematiciaus, the speetroscopie observations on the 
supposed motion of the stars must receive another interpretation, On 
the other hand, if a luminary is selected which is known to move, in- 
dependently of spectroscopic observations, and the displacement of 
the spectrum-lines accords with this motion, it will be time to recon- 
sider the mathematical theory, and make onr conceptions of the ether 
conform to the experiment. The spectroscopic observation of Ang- 
strém on an oblique electric spark does not favor Huggins’s views. 
Secchi testifies to opposite displacements when he examined, with a 
direet-vision spectroscope, the two edges of the sun’s equator, one of 
which was rotating toward him and the other from him, and Vogel 
has repeated the observation with a reversion spectroscope. This 
would have the force of a crucial experiment, were it not that an 
equal displacement was seen on other parallels of latitude, and that 
the bright bands of the chromosphere were moved, but not the dark 
lines of the solar atmosphere. 

When Voltaire visited England in 1727, he saw at the universities 
the effeet of Newton’s revolutionary ideas in astronomy. The mechan- 
ism of gravitation had exiled the fanciful vortices of Descartes, which 
were still circulating on the Continent. So he wrote: “A Frenchman 
who comes to London finds many changes in philosophy as in other 
things: he left the world full, he finds it empty.” The same compari- 
son might be made now, not so much between nationalities as between 
successive stages of scientific development. At the beginning of this 
century the universe was as empty as an exhausted receiver: now it 
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has filled up again. Nature’s abhorrence of a vacuum has been resus- 
citated, though for other reasons than those which satisfied the Aris- 
totelians, It is the mathematicians and not the metaphysicians who 
are now discussing the relative merits of the plenwm and the vacuum. 
Newton, in his third letter to Bentley, wrote in this wise: “That grav- 
ity should be innate, inherent, and essential to matter, so that one 
body may act upon another at a distance, through a vacuum, without 
the mediation of any thing else, by and through which their action 
and foree may be conyeyed from one to another, is to me so great an 
absurdity, that I believe no man, who has in philosophical matters a 
competent faculty of thinking, can ever fall into it.” Roger Cotes, 
who was Newton’s successor in the chair of Mathematics and Natural 
Philosophy at Cambridge, was only four years old when the first 
edition of the “Principia” was issued, and Newton outlived him by 
ten years. The venerable teacher pronounced upon the young mathe- 
matician, his pupil, these few but comprehensive words of eulogy: 
“Tf Cotes had lived, we should have known something.” The view 
taken of gravitation by Cotes was uot the same as that held by his 
master. He advocated the proposition that action at a distance must 
be accepted as one of the primary qualities of matter, admitting of no 
further analysis. It was objected by Hobbes and other metaphysi- 
cians, that it was inconceivable that a body should act where it was 
not. All our knowledge of mechanical forees is derived from the con- 
scious effort we ourselves make in producing motion. As this motion 
employs the machinery of contact, the force of gravitation is wholly 
outside of all our experience. The advocates of action at a distance 
reply that there is no real contact in any case, that the difliculty is 
the same with the distance of molecules as that of planets, that the 
mathematies are neither long-sighted nor short-sighted, and that an 
explanation which suits other forces is good enough for gravitation. 

Comte extrieated himself from this embarrassment by exeluding 
causes altogether from his positive philosophy. He rejeets the word 
attraction as implying a false analogy, inconsistent with Newton’s law 
of distance. Ie substitutes the word gravitation, but only as a blind 
expression by which the facts are generalized. According to Comte’s 
philosophy, the laws of Newton are on an equality with the laws of 
Kepler, only they are more comprehensive, and the glory of Kepler 
has the same stamp as that of Newton. Hegel, the eminent German 
metaphysician, must have looked at the subject in the same light when 
he wrote these words: “Kepler discovered the laws of free motion ; a 
discovery of immortal glory. It bas since been the fashion to say that 
Newton first found out the truth of these rules. It has seldom hap- 
pened that the honor of the first discoverer has been more unjustly 
transferred to another.” Schelling goes further in the same direction : 
he degrades the Newtonian law of attraction into an empirical fact, 
and exalts the laws of Kepler into necessary results of our ideas. 
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Meanwhile, the Newtonian theory of attraction, under the skillful 
generalship of the geometers, went forth on its triumphal mareh 
through spaee, conquering great and small, far and near, until its 
empire beeame as universal as its name. The whirlpools of Deseartes 
offered but a feeble resistance, and were finally dashed to pieces by 
the artillery of the parabolic comets; and the rubbish of this fanciful 
meehanism was cleaned out as completely as the cnumbrous epicycles 
of Ptolemy had been dismantled by Copernicus and Kepler. The 
mathematicians certified that the solar system was proteeted against 
the inroads of comets, and the border warfare of one planet upon 
another, and that its stability was seeure in the hands of gravitation, 
if only space should be kept open, and the dust and cobwebs which 
Newton had swept from the skies should not reappear. Prophetic 
eyes contemplated the possibility of an untimely end to the revolution 
of planets, if their ever-expanding atmospheres should rush in to fill 
the room vacated by the maelstroms of Deseartes. When it was 
stated that the absence of infinite divisibility in matter, or the cold- 
ness of space, would place a limit upon expansion, and, at the worst, 
that the medium would be too attenuated to produce a sensible cheek 
in the headway of planets; and when, in more reeent times, even 
Eneke’s comet showed but the slightest symptoms of mechanical de- 
cay, it was believed that the motion was, in a practical, if not in a 
mathematical sense, perpetual. Thus it was that the splendors of 
analysis dimmed the eyes of science to the intrinsie diffienlUes of 
Newton’s theory, and familiarity with the language of attraetion con- 
cealed the mystery that was lurking beneath it. A long experience 
in the treatment of gravitation had supplied mathematicians with a 
fund of methods and formulas suited to similar cases. As soon as 
electricity, magnetism, and eleetro-magnetism took form, they also 
were fitted out with a garment of attractive and repulsive forces act- 
ing at a distance; and the theories of Cavendish, Poisson, Acpinus, 
and Ampére, indorsed as they were by such names as Laplaee, Plana, 
Liouville, and Green, met with general acceptance. 

The seeds, whieh were destined to take root in a later generation, 
and disturb, if not dislodge, the prevalent interpretation of the force 
of gravitation, were sown by a contemporary of Newton. They found 
no congenial soil in which they could germinate and fruetify until the 
early part of the present century. At the present moment, we find 
the luminiferous ether in qniet and undivided possession of the ficld 
from which the grosser material of ancient systems had been banished. 
The plenum reigns everywhere; the vacuum is nowhere. Even the 
corpuscular theory of light, as it came from the hands of its founder, 
required the reénforeement of an ether. Electricity and magnetism, 
on a smaller scale, applied similar machinery, If there was a funda- 
mental objection to the conception of forces acting at a distance, cer- 
tainly the bridge was already built by which the difficulty could be 
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surmounted, The turning-point between the old physics and the new 
physics was reached in 1837, when Faraday published his experiments 
on the specific inductive capacity of substances. This discovery was 
revolutionary in its character, but it made no great stir in sctence at 
the time. The world did not awake to its fall significance until the 
perplexing problem of ocean-telegraphs converted it from a theoretical 
proposition into a practical reality, and forced it on the attention of 
electricians. The eminent scicutific advisers of the cable companies 
were the first to do justice to Faraday. This is one of the many re- 
turns made to theoretical electricity for the support it gave to the 
most magnificent commercial enterprise. 

The discovery of diamagnetism furnished another argument in 
favor of the new interpretation of physical action. What that new 
interpretation was, is well described by Maxwell: “ Faraday, in his 
mind’s eye, saw lines of foree traversing all space, where the mathe- 
maticians saw centres of force attracting at a distance; Faraday saw 
a medium where they saw nothing but distance; Faraday sought the 
seat of the phenomena in rea] actions going on in the medium, they 
were satistied that they had found it in a pover of action at a distance 
impressed on the electric fluids.” The physical statement waited only 
for the coming of the mathematicians who could translate it into the 
language of analysis, and prove that it had as precise a numerical con- 
sistency as the old view with all the facts of observation. .A paper 
published by Sir William Thomson, when he was an undergraduate 
at the University of Cambridge, pointed the way. Prof Maxwell, in 
his masterly work on electricity and magnetism, which appeared in 
1873, has built a monument to Faraday, and unconsciously to himself 
also, out of the strongest mathematies. For forty years mathemati- 
cians and physicists had labored to associate the laws of electro-statics 
aun electro-dynamics under some more general expression. An early 
attempt was made by Gauss in 1835, but his process was published, 
for the first time, in the recent complete edition of his works. Max- 
well objects to the formula of Gauss beeause it violates the law of the 
conservation of energy. Weber’s method was made known in 1846; 
but it has not escaped the criticism of Helmholtz, It represents faith- 
fully the laws of Ampére and the facts of induction, and led Weber 
to an absolute measurement of the electro-static and electro-magnetic 
units. The ratio of these units, according to the formulas, is a veloci- 
ty; and experiment shows that this velocity is equal to the velocity 
of light. As Weber’s theory starts with the conception of action at 
a distance, without any mediation, the effect would be instantaneous, 
and we are at a loss to discover the physical meaning which he at- 
taches to his velocity. Gauss abandoned his researches in electro- 
magnetism because he could not satisfy his mind in regard to the 
propagation of its influence in time. Other mathematicians have 
worked for a solution, but have lost themselves in a cloud of mathe- 
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matical abstraction. The two theories of light have exhausted all 
imaginable ways in which force can be gradually transmitted without 
increase or loss of energy. Maxwell eut the Gordian knot when he 
seleeted the luminiferous ether itself as the arena on which to marshal 
the electro-magnetic forees under the symbols of his mathematics, and 
made light a variety of electro-magnetic action, His analysis gave a 
velocity essentially the same as that of Weber, with the advantage of 
being a physical reality and not a mere ratio. Of the two volumes 
of My. Maxwell, freighted with the richest and heaviest cargo, the re- 
viewer says: ‘“ Their author has, as it were, flown at every thing: and, 
with immense spread of wing and power of beak, he has hunted down 
his vietims in all quarters, and from each has extracted something new 
and interesting for the intelectual nourishment of his readers.” Clear 
physical views must precede the application of mathematics to any 
subject. Maxwell and Thomson are liberal in their acknowledgments 
to Faraday. Mr. Thomson says: “Faraday, without mathematics, 
divined the result of the mathematical investigation; and, what has 
proved of infinite value to the mathematicians themselves, he has 
given them an articulate language in which to express their results, 
Indeed, the whole language of the magnetic field and lines of force is 
Faraday’s. It must be said for the mathematicians that they greedily 
accepted it, and have ever since been most zealous in using it to the 
best advantage,” 

It is not expected that the new views of physics will be generally 
accepted without vigorous opposition. A large amount of intellectual 
capital has been honestly invested in the fortunes of the other side. 
The change is recommended by powerful physical arguments, and it 
disenthralls the theories of science from many metaphysical difficulties 
which weigh heavily on some minds, On the other hand, the style of 
mathematies which the innovation introduces is novel and complex; 
and good mathematicians may find it necessary to go to school again 
before they can read and understand the strange analysis. It is feared 
that, with many who are not casily deflected from the old ruts, the in- 
tricacies of the new mathematics will outweigh the superiority of the 
new physics. 

The old question, in regard to the nature of gravitation, was never 
settled: it was simply dropped. Now it is revived with as much 
earnestness as ever, and with more intelligence. Astronomy cast in 
its own mould the original theories of electrical and magnetic action. 
The revolution in electricity and magnetism must necessarily react 
upon astronomy. It was proved by Laplace, from data which would 
now, probably, require a numerical correction, that the velocity of the 
force of gravitation could not be less than eight million times the 
velocity of light ; in fact, that it was infinite. Those who believe in 
action at a distance cannot properly speak of the transmission of 
gravitation. Foree can be transmitted only by matter: either with 
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it or through it. According to their view, action at a distance ¢s the 
force, and it admits of no other illustration, explanation, or analysis, 
It is not surprising that Faraday and others, who had lost their faith 
in action at short distances, should have been completely staggered 
by the ordinary interpretation of the law of gravitation, and that they 
declared the clause which asserted that the force diminished with the 
square of the distance to be a violation of the principle of the conser- 
vation of force. 

Must we, then, content ourselves with the naked facts of gravita- 
tion, as Comte did, or is it possible to resolve them into a mode of 
action, in harmony with onr general experience, and which docs not 
shock our conceptions of matter and force? In 1798, Count Rumford 
wrote thus: “ Nobody surely, iu his sober senses, has ever pretended 
to understand the mechanism of gravitation.” Probably Rumford 
had never seen the paper of Le Sage, published by the Berlin Acad- 
emy in 1782, in which he expounded his mechanical theory of gravi- 
tation, to which he had devoted sixty-three years of his life. Ina 
posthumous work, printed in 1818, Le Sage has developed his views 
more fully. He supposed that bodies were pressed toward one another 
by the everlasting pelting of ultra-mundane atoms, inward bound from 
the immensity of space beyond, the faces of the bodies which looked 
toward cach other being mutually screened from this bombardment. 
It was objected to this hypothesis, which introduced Lucretius into 
the society of Newton and his followers, that the collision of atoms 
with atoms, and with planets, would cause a secular diminution in the 
force of gravity. Le Sage admitted the fact. But, as no one knew 
that the solar system was eternal, the objection was not fatal. As the 
necessity for giving a mechanical account of gravitation was not gen- 
erally felt at the time, the theory of Le Sage fell into oblivion. In 
1873, Sir William Thomson resuscitated and republished it. He has 
fitted it ont in a fashionable dress, made out of elastic molecules in- 
stead of hard atoms, and has satisfied himself that it is consistent with 
modern thermo-dynamies and a perennial gravitation. 

Let us now look in a wholly different quarter for the mechanical 
origin of gravitation. In 1870 Prof. Guthrie gave an account of a 
novel experiment, viz. the attraction of a light body by a tuning- 
fork when it was set in vibration, Thomson repeated the experiment 
upon a suspended egg-shell, and attracted it by a simple wave of the 
hand. Thomson remarks that “what gave the great charm to these 
investigations, for Mr. Guthrie himself, and no doubt also for many 
of those who heard his expositions and saw his experiments, was, that 
the results belong to a class of phenomena to which we may hopefully 
look for discovering the mechanism of magnetic force, and possibly 
also the mechanism by which the forces of eleetricity and gravity are 
transmitted.” By a delicate mathematical analysis, Thomson arrives 
at the theorem that the “average pressure at any point of an incom- 
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pressible, frictionless fluid, originally at rest, but set in motion and 
kept in motion by solids, moving to and fro, or whirling round in any 
manner, through a finite space of it,” would explain the attractions 
just described. Moreover, he is persuaded by other effects besides 
those of light, that, in the interplanetary spaces and in the best arti- 
ficial vacuum, the medium which remains has “ perfectly decided 
mechanical qualities, and, among others, that of being able to trans- 
mit mechanical energy, in enormous quantities:” and he cherishes 
the hope that his mathematical theorems on abstract hydrokinetics 
are of some interest in physics as illustrating the great question of the 
eighteenth and nineteenth centuries: Is action at a distance a reality, 
or is gravitation to be explained, as we now believe magnetic and 
electric forces must be, by action of intervening matter ? 

In 1869 and 1873, Prof. Challis, of Cambridge, England, published 
two works on the “ Principles of Mathematical Physics.” They em- 
body the mature reflections of a mathematical physicist at the ad- 
vanced age of threescore years and ten, Challis believes that there 
is sufficient evidence for the existence of ether and atoms as physical 
realities. He then proceeds to say: ‘‘The fundamental and only 
admissible idea of furce is that of pressure, exerted either actively by 
the ether against the surface of the atoms, or as reaction of the atoms 
on the ether by resistance to that pressure. The principle of deriving 
fundamental physical coneeptions from the indications of the senses 
does not admit of regarding gravity, or any other force varying with 
distance, as an essential quality of matter, because, according to that 
principle, we must, in seeking for the simplest idea of physical force, 
have regard to the sense of touch, Now, by this sense, we obtain a 
perception of force as pressure, distinct and unique, and not involving 
the variable element of distance, which enters into the perception of 
force as derived from the sense of sight alone. Thus, on the ground 
of simplicity as well as of distinct perceptibility, the fundamental idea 
of foree is pressure.” As all other matter 1s passive except when 
acted upon by the ether, the cther itself, in its quiescent state, must 
have uniform density. It must be coextensive with the vast regions 
in which material force is displayed. Challis had prepared himself 
for the elucidation and defense of his dynamical theory by a profound 
study of the laws of motion in elastic fluids. From the mathematical 
forms in which he has expressed these laws he has attempted to de- 
rive the principal experimental results in light, heat, gravitation, elec- 
tricity, and magnetism, Some may think that Mr. Challis has done 
nothing but clothe his theory in the cast-off garments of an obsolete 
philosophy. If its dress is old, it walks upon new legs. The inter- 
play between ether and atomsis now brought on to the stage, not asa 
speculation supported by metaphysical and theological arguments, but 
as a physical reality with mathematical supports. I should do great 
injustice to this author if I left the impression that he himself claimed 
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to have covered the whole ground of his system by proof. Mathe- 
matical difficulties prevented him from reaching a numerical value for 
the resultant action of a wave of ether upon the atom. What he has 
written is the guide-post, pointing the direction in which science is 
next to travel; but the end of the journey is yet a great way off. 
The repeated protests of Mr. Challis against the popular physics of 
the day, and his bold proclamation of the native, independent motion 
of the ether, have aroused criticism. What prevents the free ether, 
asks the late Sir Jobn Herschel, from expanding into infinite space ? 
Mr. Challis replies that we know nothing about infinite space or what 
happens there, but the existence of the ether, where our experience 
can follow it, is a physical reality. The source of the motion which 
the ether acquires is not the sun; for the most efficient cause of solar 
radiation is gravitation and condensation. Our author avoids the 
vicious circle of making gravitation, first the reason and afterward 
the consequence of the motion of the ether. Ile says: “It follows 
that the sun’s heat, and the heat of masses in general, are stable quan- 
tities, oscillating, it may be, like the planetary motions, about mean 
values, but never permanently changing, so long as the Upholder of 
the universe conserves the force of the ether and the qualities of the 
atoms. There is no law of destructibility ; but the same Will that 
conserves can in a moment destroy.” The following remarks upon 
this theory deserve our attention: “The explanation of any action 
between distant bodies by means of a clearly conceivable process, 
going on in the intervening medium, is an achievement of the highest 
scientific value. Of all such actions that of gravitation is the most 
universal and the most mysterious. Whatever theory of the constitu- 
tion of bodies holds out a prospect of the ultimate explanation of the 
process by which gravitation is effected, men of science will be found 
ready to devote the whole remainder of their lives to the development 
of that theory.” 

The hypotheses of Challis and Le Sage have one thing in common: 
the motion of the ether and the driving storm of atoms must come 
from outside the world of stars. “On either theory, the universe is 
not even temporarily automatic, but must be fed from moment to 
moment by an agency external to itself” Our science is not a finality, 
The material order which we are said to know makes heavy drafts 
upon an older or remoter one, and that, again, upon a third. The 
world, as science looks at it, is not self-sustaining. We may abandon 
the hope of explaining gravitation, and make attraction itself the pri- 
mordial cause. Our refuge then is in the sun. When we qnalify the 
conservation of energy by the dissipation of energy, the last of which 
is as much an induction of science as the first, the material fabric 
which we have constructed still demands outward support. Thomson 
calculates that, within the historical period, the sun has emitted hun- 
dreds of times as much mechanical energy as is contained in the united 
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motions of all the planets. This energy, he says, is dissipated more 
and more widely through endless space, and never has been, probably 
never can be, restored to the sun, without acts as much beyond the 
scope of human intelligence as a creation or annihilation of energy, or 
of matter itself, would be. 

From the earliest dawn of intellectual life, a general theory of the 
constitution of matter has been a frnitful subject of debate, and human 
science and philosophy have ever been dashing their heads against 
the intractable atoms. The eagerness of the discussion was the greater, 
the more hopeless the solution. For every man who set up an hy- 
pothesis upon the subject, there were half a dozen others to knock it 
down; until at last speculation, which bore no fruit, was suspended. A 
lingering interest still hung around the question, whether matter was 
not infinitely divisible, and the atomic philosophers were not chasing 
achimera. From every new decision on this single point there was 
an appeal, and the foothold which the atoms had secured in chemistry 
was gradually subsiding. Of a sudden, the atomic theory has gained 
a new lease of life. But the hero of the new drama is not the atom, 
but the molecule. In all the physical sciences, including astronomy, 
the war has been carried home to the molecules; and the intellectual 
victories of this and the next generation will be on this narrow ficld. 
From the outlying provinces of physics; from the sun, the stars, and 
the nebule; from the comets and meteors; from the zodiacal light 
and the aurora; from the exqnisitely tempered and mysterious ether 
—the forees of Nature have been moving in converging lines to this 
common battle-ground, and some shouts of victory have already been 
heard. In the long and memorable controversy between Newton and 
Leibnitz, and their adherents, as to the true measure of force, it was 
charged against the Newtonian rule that foree was irrecoverably lost 
whenever a collision ocenrred between hard, inelastic bodies. The 
answer was, that Nature had anticipated the objection, and had avoided 
this kind of matter. Inelastic bodies were yielding bodies, and the 
force which had disappeared from the motion had done its work in 
changing the shape. But, unless the body conld recover its original 
figure by elasticity, there was no potential energy, and force was an- 
nihilated. It is now believed, and to a large extent demonstrated, 
that the force, apparently lost, has been transformed into heat, elec- 
tricity, or some other kind of molecular motion, of which the change 
of shape is only the ontward sign. The establishment on a firm foun- 
dation of theory and experiment of the so-called conservation of en- 
ergy, the child of the correlation of physical forces, is one of the first 
fruits of molecular mechanics. 

It is no disparagement of this discovery, on which was concen- 
trated the power of several minds, to call it an extension, though a 
yast one, of Newton’s Jaw of inertia, of Leibnitz’s vis viva, and of 
Hnyghens’s and Bernonilli’s conservation of living forces ; these older 
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axioms of mechanics having free range only in astronomy, where fric- 
tion, resistance, and collision, do not interfere. The conservation of 
energy, in its extended signification, promises to be, like its forerun- 
ners, a valuable guide to discovery, especially in the dark places into 
which physical science has now penetrated. The cantion which La- 
grange has given in reference to similar mechanical principles, such as 
the conservation of the motion of the centre of gravity, the conserva- 
tion of moments of rotation, the preservation of areas, and the prin- 
ciple of least action, is not without its applicability to the new gener- 
alization. Lagrange accepts them all as results of the known laws of 
mechanics, and not as the essence of the laws of Nature. The most 
that physical science can assert is, that it possesses no evidence of the 
destructibility of matter or force. 

It is not pretended that the existence of atoms has been or can be 
proved or disproved. Some chemists think that the atomic theory is 
the life of chemistry; others have abandoned it. Its importance is lost 
in that of the molecular theory. And what has this accomplished to 
justify its existence? If we define the molecule of any substance as the 
smallest mass of that substance which retains all its chemieal proper- 
ties, we can start with the extensive generalization of Avogadro and 
Ampére, that an equal volume of every kind of matter in the state of 
vapor, and under the same pressure and temperature, contains an equal 
number of such molecules. The conception of matter as consisting of 
parts, which are perpetually flying over their microscopic orbits, and 
producing by their fortuitous concourse all the observed qualities of 
bodies, is as old as Lucretius. He saw the magnified symbol of his 
hypothesis in the motes which chase one another in the sunbeam. 
One of the Bernouillis thought that the pressure of gases might be 
caused by the incessant impact of these little masses on the vessel 
which held them. The discovery that heat was a motion and not a 
substance, foreshadowed by Bacon, made probable by Rumford and 
Davy, and rigidly proved by Mayer and Joule when they obtained its 
exact mechanical equivalent, opened the way to the dynamical theory 
of gases. Jonle calculated the velocity of this promiscuous artillery, 
rendered harmless by the minuteness of the missiles, and found that 
the boasted guns of modern warfare could not compete with it. Clan- 
sinus consummated the kinetic theory of gases by his powerful mathe- 
matics, and derived from it the experimental laws of Mariotte, Gay- 
Lussac, and Charles. By the assumption of data, more or less plausi- 
ble, several mathematicians have succeeded in computing the sizes 
and the masses of the molecules and some of the elements of their mo- 
tion. It should not be forgotten that mathematical analysis is only a 
rigid system of logic by which wrong premises conduct the more 
surely to an incorrect conclusion, To claim, for all the conclusions 
which have been published in relation to the molecules, the certainty 
which fairly belongs to some of them, would prejudice the whole cause. 
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One of the most interesting investigations in moleenlar mechanics 
was published by Helmholtz in 1858. It is a mathematical discussion 
of what he calls ring-vortiees, in a perfect, frictionless finid. Welm- 
holtz has demonstrated that such vortices possess a perpetuity and an 
inviolability once thought to be realized only by the eternal atoms, 
The ring-vortices may hustle one another, and pass through endless 
transformations ; but they cannot be broken or stopped. Thomson 
seized upon them as the impersonation of the indestructible but plas- 
tic molecule which he was looking for, to satisfy the present condition 
of physical science. The clement of the new physics is not an atom 
or a congeries of atoms, but a whirling vapor. The molecules of the 
same substance have one invariable and unchangeable mass ; they are 
all tuned to one standard piteh, and, when incandescent, emit the 
same kind of light. The music of the spheres has left the heavens 
and condescended to the rhythmic molecules. There is here no birth, 
or death, or variation of species. If other masses than the precise 
ones which represent the elements have been eliminated, where, asks 
Maxwell, have they gone? The spectroscope does not show them in 
the stars or nebulae, The hydrogen and sodium of remotest space are 
in unison with the hydrogen and sodium of earth. 

In the phraseology of our mechanics we define matter and force as 
if they had an independent existence. But we have no conception of 
inert matter or of disembodied force. All we know of matter is its 
pressure and its motion. The old atom had only potential energy ; 
the energy of its substitute, the moleenle, is partly potential and 
partly kinetic, Ifit could be shown that all the phenomena displayed 
in the physical world were simply transmutations of the original en- 
ergy existing in the molecules, physical science would be satisfied. 
Where physical science ends, natural philosophy, which is not wholly 
exploded from our vocabulary, begins. Natural philosophy can give 
no acconnt of energy when disconuected with an ever-present Intelli- 
gence and Will. In Ierschel’s beantiful dialogue on atoms, after one 
of the speakers had explained all the wonderful exhibitions of Nature 
as the work of natural forces, Ifermione replies: ‘ Wonderful, indeed ! 
Anyhow, they must have not only good memories but astonishing 
presence of mind, to be always ready to act, and always to aet, with- 
out mistake, according to the primary laws of their being, in every 
complication that oceurs.” And elsewhere, “action, without will or 
effort, is to us, constituted as we are, unrealizable, unknowable, incon- 
ceivable.” The monads of Leibnitz and the demons of Maxwell ex. 
press in words the personality implied in every manifestation of force. 

In this imperfect sketch of the increased resources, and the present 
attitude of the physical sciences, I have not aimed to speak as an ad- 
yocate, much less to sit as a judge. The great problem of the day is, 
how to subject all physical phenomena to dynamical laws. With all 
the experimental devices and all the mathematical appliances of this 
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generation, the human mind has been baffled in its attempts to con- 
struct a universal science of physics. But nothing will discourage it. 
When foiled in one direction, it will attack in another. Science is not 
destructive, but progressive, While its theories change, the facts re- 
main. Its generalizations are widening and deepening from age to 
age. We may extend to all the theories of physical science the remark 
of Grote, which Challis quotes in favor of his own: “Its fruitfulness is 
its correctibility.” Instead of being disheartened by diffienlties, the 
true man of science will congratulate himself in the words of Van- 
yenargnes, that he lives in a world fertile in obstacles. Immortality 
would be no boon if there were not something left to discover as well 
as to love. Fortunate, thought Fontenelle, was Newton, beyond all 
other men, in haying a whole fresh universe before him, waiting for an 
explanation. But science wants no Alexanders weeping because there 
are not other worlds to conquer. For every heroic Columbus who 
launches forth, in however frail a bark, upon untried oceans, seeing 
before him rich continents where others behold only a wilderness of 
waters, there are precious discoveries in reserve. Surely the time has 
not yet come when the men in any section in this Association can fold 
thetr arms and say, “It is finished.’ Unless our physicists are con- 
tented to lag behind and gather up the crumbs which fall from the 
rich laboratories and studies of Europe, they must unite to delicate 
manipulation the power of mathematical analysis. Mathematics wins 
victories where experiment has been beaten. With good reason we 
appland the many brilliant successes of instrumental researeh. Mathe- 
matical analysis, with its multitudinous adaptations, is the only key 
which will fit the most intricate wards in the treasury of science, 
With the help of her mathematical physicists, Great Britain has now 
taken a position in science which she has not held before since the 
days of Newton, In Germany, the physicists do not hold back from 
the most difficult problems of the day, because they are led along by 
experiment on one arm and by mathematics on the other. The zeal 
of the Italian scientists prevails over even the terrors of Vesuvius, and 
makes them ready to become martyrs, like Pliny the Elder, to Nature 
and humanity. France, too, out of the very ashes of her humibation, 
sends an inspiring word to us. Since her defeat, her scientific spirit 
has been aroused as it was after the days of the first Revolution. 
Her Association for the Advancement of Science is only a two-year- 
old infant; but it has sprung into existence, like Minerva from the 
head of Jupiter, full grown and equipped. Already it has displayed 
a vitality and a prosperity which this Association, in its opening man- 
hood, has not yet acquired. The words of its first president are as 
true for the United States as for France—that the strength and glory 
of a country are not in its arms, but in its science. 
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REASON AGAINST ROUTINE IN THE TEACHING 
OF LANGUAGE. 


FROM THE FRENCH OF CLAUDE MARCEL. 


Parr lL— What Reason prescribes. 


WO Dirrerent Crasses or Lancuacrs.—The mode of teaching 

living and dead languages is nearly the same. The differences 
between these two classes of languages, and the ends sought in study- 
ing them, need to be better defined. 

Living languages, like the mother-tongue, are simple instruments 
which eannot be too soon mastered for instruction in our own social 
relations, and information of the political, scientific, and industrial life 
of other people. But dead languages are not the depositories of sei- 
ence, nor do they serve for the exchange of ideas; they are studicd 
solely for the intellectual development they favor. 

A professor of Greck or Latin, who knows to its foundations the 
language of lis pupils, in teaching the ancient language, can give 
them critical and rational imstruction—can eall into exercise their 
highest faculties. But a foreigner, teaching his own language, rarely 
learns the niceties of the French, and seldom knows it as well as his 
pupils. He cannot, therefore, in any way, use their own language to 
aid them in learning his; so he only attempts to give them a prac- 
tical knowledge of it. Hence the methods of studying these two 
classes of languages should differ essentially. Exercises in the ancient 
languages shonld be a gymnastic of the mind resulting from their 
comparison with the national idiom; each lesson in Latin being also 
a lesson in French, Exercises in modern languages should be vebi- 
cles of thought without the intervention of the national idiom, and 
they should be so familiar as to become, through reading and hear- 
ing, sources of natural instrnetion. 

The complete knowledge of a language includes four distinet arts— 
reading, hearing, speaking, writing. In an ancient language we need 
only the first of these arts, Its study should have no aim but that 
of giving the pupils the ability to read the elassical authors, and ap- 
preeiate the charm of their compositions. It is in meditating on the 
thonghts of the great writers of antiquity, and in translating their 
masterpieces, that we discover their beauties, and are able to transfer 
them into our native language. 

Tn living languages these four arts should be the object of study. 
To say that one class of langnages is learned to be spoken, and the 
other class to be read, does not express the exact difference of aim in 
the tavo cases. The wart of speaking is useless unless we understand 
what is said, and this talent of understanding is a hundred times more 
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useful than that of speaking. The same is also true of reading, for we 
rarely lave occasion to speak foreign langnages, while we may read 
them daily with profit. In reading, as in listening, we always learn 
something, and especially the language. In speaking we learn uoth- 
ing, not even the langnage; the mind is not enriched with a word or 
anidea, The habit of following, in reading and hearing, the logical 
connection of ideas which characterizes serious discourse, forms the 
mind to all modes of reasoning, to all kinds of argument. Bat the 
habit of speaking, to the exclusion of listening and reading, implies a 
loss of judgment. The least instructed are often those who talk the 
most. It was not by speaking French, but by reading it, that the 
Prussians learned what they needed to know to insure their suecess 
against us. 

It is infinitely more useful to read modern than ancient languages. 
The latter are seldom read after the period of school; but we read the 
former throughont life, not only for the intellectual pleasure they af- 
ford, but to gather knowledge needed in the professions and in our 
social relations, ; 

OrpER oF Stupy ror a Living Laxevace.—The child learns 
successively the four arts of his langnage. He first seizes the phrase- 
ology that interprets to him the language of aetion which accompa- 
nies the first words addressed to him. Gestures, expressions of the 
face, tones of the voice, are equivalent to phrases, not to words. So 
he understands the sense of phrases long before the words that form 
them. By the aid of these natural signs the infant listens and under- 
stands, then he imitates and speaks, It is only when articulate sounds 
awaken in his young intelligence the ideas of which they are the 
signs, that he seeks to reproduce them as he heard them. He owes his 
progress to example, not to preeept; to practice, not to theory. Such 
is the method of Nature, admirable in simplicity and infallible in re- 
sults. The nearer we come to it the surer will be our success. 

Articulate and written words, the signs of ideas, being convention- 
al, we can apply them justly only so far as we have reeeived the im- 
pression associated with the ideas they represent, only so far as they 
are made familiar by the habit of reading and listening. In other 
words, the double talent of understanding the written and spoken 
foreign language conduces respectively to the arts of writing and 
speaking. Just as in learning our native tongne, it is by the judicious 
exercise of imitation founded on this dowble talent that we easily ac- 
quire the arts of speaking and writing. On this point the laws of our 
constitution and the nature of language are profoundly in aecord, 

In fact, we possess, as means of improvement, two powerfnl m- 
stinets, evriosity and imitation, which urge us ever toward the end 
Providence has assigned, and assure our suecess in the acquisition of 
language. Curiosity is the source of progress in the arts of reading 
and listening; imitation, which comes after curiosity, is the source 
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of progress in the arts of speaking and writing. The duty of the 
professor ts wisely to stimulate and direct these admirable instincts of 
his pupils. 

In order, then, to conform to the rules of Nature, we should com- 
meuce the study of a foreign language by reading and listening, which 
enriches the mind with ideas and knowledge, and at the same time 
puts it in possession of the corresponding phraseology. At the Lycenm 
this plan is reversed. Without regarding this innate desire to know, 
to gather ideas, we occupy the young with words by prematurely di- 
reeting their attention to the arts of speaking and writing. The mind 
is not nourished, it is hindered, and in its turn it refuses that which is 
imposed upon it; or it is enfeebled mnder an irksome and unproductive 
labor. If so many young people are indolent and unwilling to study, 
it is because they are weighed down with lessons and duties repug- 
nant to them: we distort Nature, and do violence to their instincts. 

The art of reading a foreign language should be the first in the 
order of study, as it is the basis on which acquisition of the other three 
reposes. Besides being easter, more accessible, and attainable without 
a master, it surpasses them all in the number and importance of the 
advantages it presents. We derive the greatest benefit from it in the 
ordinary cireumstances of life. We can practise it in all times and 
places, at home or abroad, whether for profit or pleasure, and so never 
forget it. It furnishes the means of studying the phraseology and 
dedueing the laws of language, and only by means of it are we made 
acquainted with the doings of other nations. 

The art of listening is the second in importance ; it is the best part 
of conversation, Like reading, it satisfies the instinctive love of knowl- 
edge. If we perfectly understand what is said to us, a few words, a 
monosyllable, suffices to sustain conversation, This art demands a 
special exercise all the more, as listening is the true and only means of 
aequiring pronunciation, The vocal power is entirely under the gov- 
ernment of the ear, .At the Lyceum, not an hour is given to this ex- 
ercise in all the course of study. How few persons, after four or five 
years of English in class, ean understand Englishmen when speaking 
their language, and how few can pronounce English correctly ! 

Tn the vernacular, we pass from hearing to reading. It is spoken 
language, the first mamfestation of our thought, which gives us the 
key to written language. In the same way, but in an inverse order, 
those who learn a language in books should often hear the written 
text, to familiarize themselves with the pronunciation and to recognize 
the written words in the spoken words. Their progress in under- 
standing the spoken language will be much more rapid, if they com- 
prehend the written language without translating it. 

Reading is direct or indirect. In direct reading, the written ex- 
pression recalls the thought, as in reading onr mother-tongue. In 
indirect reading we arrive at the idea by the aid of the mother-tongue, 
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that is, by translation. To read a foreign language directly is to 
think in that language: translation is thinking in our own. 

When we have, for a long time, seen in books and heard in the 
talk of the master words assveiated directly with the ideas they rep- 
resent, we have no difficulty in reproducing the orthography and pro- 
nunciation, the first elements of writing and speaking. The phrase- 
ology thus insensibly engraved upon the mind by repetition becomes 
one with the thought. 

However, inconceivable as it seems, it is insisted that the principal 
object of studying a living language is, to be able to speak it. From 
this popular error, from this false point of departure, proceed almost 
all the methods in vogue. They aim, for the most part, exclusively at 
the acquisition of this art. Despising the order and the wise slowness 
of Nature, they break the chain which binds together the great pur- 
poses of language, neglect direct reading—the inexhaustible source 
of instruction and intellectual enjoyment—and listening—the most 
useful part of conversation—and of necessity resort to processes little 
in harmony with our organization and the nature of language. 

Grammar, exercises, reading aloud, and mnemonic lessons, mere 
word-practice—the sole resouree in teaching to write and speak a for- 
eign language—do not help in the least in learning to read and under- 
stand it, nor even in learning to speak and write it, for lack of imita- 
tion, by which means alone these arts are acquired. This, it is trne, is 
no great evil, for, out of a hundred people who learn to speak and 
write, there are not two, perhaps, who ever have serious occasion to 
use their knowledge. But what pains for nothing! what a loss of 
time ! 

Processes AnD Resvurts.—The art of reading English, for ex- 
ample, is acquired rapidly, withont groping, and withont error, by tak- 
ing for the first lessons familiar subjects treated in simple language, as 
free as possible from idioms, but strictly conformed to usage and to 
grammar; the French text, equally free from idioms, being placed on 
the opposite page. The triviality of the language in the first books 
is, in the end, no hindrance to progress. The best writers, the great- 
est orators, have begun with puerilities and commonplaces in learning 
their own language, and it will be the same in another if we assidu- 
ously read good authors. 

Based on the truth that a student can translate only what he under- 
stands, the interpretation on the opposite page presents to him the 
thonght of the foreign text: he passes, phrase by phrase, from the in- 
terpretation to the text, that is, from the known idea to the unknown 
words, Without pronouncing, he reads the French on the English— 
attaches to each English word the corresponding French word. In 
accordance with reason, he proceeds from the phrase to the words, 
from the idea to the sign. This translation is preferable to the use of 
a dictionary, because it faithfully renders the thought of the author. 
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Tt plays the same part as the language of action in the mother-tongne, 
In thus conforming to the law of Nature, by which we pass from the 
whole to its parts, this process saves the student from uncertainty and 
ennui in the understanding of authors, and he will naturally use it in 
reading outside of his lessons. The promptitude with which the pu- 
pil, by this method, seizes the thought of the author, gives an interest 
to the reading whieh cannot be attained when the attention is arrested 
on each word, and all connection of ideas destroyed by the use of a 
dictionary. Besides, in this way the pupil reads more in a given time, 
the same expressions reeur oftener, and so are engraved upon the 
memory. Progress in reading is in inverse ratio to the time taken, 
For example, 100 pages translated at the rate of ten pages a day ad- 
yanees the student more in the art of reading than the same 100 
pages read at the rate of one page a day. 

My first reading-books of English are formed on this plan. Com- 
posed of anecdotes and familiar recitals that pique the curiosity, they 
are, so to speak, practical vocabularies, of which all the words have a 
determined meaning ; they address the understanding as well as the 
memory. The reading again and again of the same passages impresses 
the words, with their terminations, upon the mind with more certainty 
than the mechanical learning by heart in grammars, vocabularies, 
and phrase-books, of the current methods. 

Led by the interest of the subject, each sentence awakens a desire 
to understand the next, and to pursue the reading, while nothing is 
more fatiguing and discouraging than the work of reading discon- 
nected phrases. The student will have only to read a few volumes 
with the translation on the opposite page, before he can translate good 
authors without this auxiliary. After this, the sense of the new words 
he eneounters will be easily discovered from the context, or by the aid 
of the dictionary, and he will soon read the authors direetly. From 
this moment he will progress in all the other parts of the study. 

To free himself entirely from the translation, the student must 
read the same passages many times: he then seizes the sense more 
rapidly, and ideas associate themselves naturally with words. He 
must, above all, read the entire work. In proportion as he advanees 
in reading a book, it becomes easicr, while the same subject, the same 
style, remaining longer under the attention, the phraseology of the 
author will be more profoundly impressed on the mind, and will be 
more elosely linked to the thought. The stories of which the first 
hooks of this method are composed belong to common language, and 
contain the words and phrases ordinarily employed, so that they famil- 
iarize the student with the most useful elements of conversation and 
correspondence. 

The facility with which a pupil reads and the rapidity of his prog- 
ress permit him to read more in three months than in three years 
by other methods. Those who objeet to this facility of work, con- 
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demn Nature ; for the learning of the mother-tongue is so casy that 
it is aequired without any hesitation. Besides, this rapid progress 
leaves the student time for other studies, 

Pupils who study alone are limited to written language, but with 
a master the spoken language may be entered upon by means of ex- 
ercises in listening. By attention to the reading of the master, the 
art of understanding foreign speech is acquired even more rapidly 
than the art of reading ; because the elements of language being very 
limited, they are frequently revived, and the association of the pro- 
nuneiation with the written word is easily made. In this way an 
adult would be able in a year or eighteen months, in his own country, 
without enn or effort, to learn to understand the written or spoken 
language as perfeetly as the foreigners themselves ; but never in the 
game circumstances would he be able to speak it as they do, 

Children, by this rational method, could carly learn a living lan- 
guage, and be in full possession of these two arts, which would serve 
conjointly with the mother-tongue in their other studies. As to the 
arts of speaking and writing, they cannot hasten acquisition, and they 
will be forgotten long before there is occasion to use them. Direet 
reading, on the contrary, far from being forgotten, will become by 
practice a habit of the mind, and, when the pupils leave the Lyeewn, 
their knowledge of English and German will be powerful auxiliaries 
in the other careers to which they are destined, and they will be able 
through life, by the aid of the periodic press and new publications, to 
keep acquainted with all that is published by neighbormg people. 

The little time and expense involved in learning to read a foreign 
language, by means of translations on the opposite page, as well as 
the facility with which it is done, will be sufficient motives to make it 
an object of the higher primary instruction. Peasants need neither 
to listen, to speak, nor to write a foreign language ; reading alone suf- 
fices them. The reading alond of the mother-tongue, taught to chil- 
dren in the primary schools, without stimulating the curiosity or 
developing the taste for reading, leaves them al] their lives with intel- 
ligence as limited, and in an ignorance as profound, as if they could 
not read at all. Sueh varied and extended reading as this method 
proposes, creates a taste for reading, and a desire to understand, with- 
out whieh the art of reading is worthless. 

Tue INTERNATIONAL Excuange or THoucur.—The twofold talent 
of reading and understanding, the most important in international 
relations, may be acquired by the humblest; since the first can be 
learned without a master, and the seeond requires only the services 
of a reader for a few weeks. Their acquisition is so easy and so rapid, 
when their study is taken out of the grooves of routine, that a pupil 
would be able, without neglecting any of the usual studies, to learn 
and understand half a dozen languages in less time than it would take 
to learn to speak and write a single one easily and correctly. It is so 
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difficult to speak a foreign Ianguage, that in most eases recourse to 
this art materially hinders international exchange of ideas. 

The order of studies in onr Lyceums inverts the order I have ree- 
ommended. The nniversity imposes written exercises in composition 
for the living languages, from the lowest classes to the highest. Im- 
agine a Freneh officer, strovg m this department, in the country of an 
enemy, whose language when spoken he eannot understand. In his 
impoteuce to gather useful intelligence, what can he do but deplore 
the false direction given to his studies, and curse the incomplete teach- 
ing of the college? The attention of the young should be particularly 
direeted to the arts of reading and hearing, which, if universally dif- 
fused, would alone suffice for the international exchange of thought. 
People of different nations, each speaking or writing his own tongne, 
would understand each other. Their conversation or correspondence 
would be every way much more intimate and satisfactory, when each 
used his mother-tongue, with the native freedom and clearness that he 
could not attain in a foreign langnage. In this way would be secured 
the great desideratum of modern society—the means of international 
comniunication. 

By endowing youth with the ability to understand a foreign lan- 
guage when spoken, those who travel conld, on reaching a country, 
enjoy the society of the inhabitants, mix in the movements of science, 
listen to the lessons of celebrated masters, and, in completing their 
scientific education, establish useful relations for life. 

Tf the art of listening, a necessity of modern times, should take 
root in the schools of all civilized countries, it would second wonder- 
fully the high aspirations of humanity. Never, more than now, have 
people felt the need of solidarity and fraternity ; the mind of the cen- 
tury presses toward union in congresses, and associations for the dis- 
cussion of important social, scientific, and political questions, 

Mentat Curture.—It is known that ancient literatnre offers 
models of composition, whieh aid, when studied, in forming and puri- 
fying the taste; while at the same time it cultivates observation and 
reflection by the analysis of thoughts and faets relative to an order 
of things above the realities of sense. But I shall not ecase to repeat 
that, to obtain these results, the authors must be read directly. This 
acquisition should be the object of the first period of study. In the 
second period, critical teaching of the literature of these languages, 
if combined with profound study of the national idiom, will aid pow- 
erfully in the development of the intelligence. 

As a means of cultivating the higher faenlties of the mind, direct 
reading of the solid works of great writers, ancient and modern, is of 
indispntable efficacy. It is, in fact, a true logigque practique. But the 
art of reading by free translation presents inestimable advantages, 
which cannot be obtained from any other branch of instruction, nor 
from a language of which only the first elements are known. Being 
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able to enter into the spirit of the foreign text, the student easily 
seizes the relation between thought and its expression, and the analy- 
sis of the expression, needed to render it into French, becomes an 
intellectual exereise, which brings to his knowledge the genius of two 
languages and two peoples. If he translates a good author, he forms 
the habit of expressing in Freneh only just ideas. We riscs to the 
height of the anthor by appropriating his thoughts: his own concep- 
tions beeome more elear by the effort he makes to express them clearly, 
IIe thus forms a good style, in trying to reproduce in his translation 
the qualities of the original. 

Independently of its special use in giving power of expression, 
translation is an indisputable source of progress in mental culture. 
Correct expression and correct thinking are one and the same. Great 
eloquence implies high intelligence. The aet of mind by which a 
student assnres himself of the exact sense of the foreign text, and the 
search for expressions which shall better render the thonght of the 
author, are operations of high intellectual import. They aid him to 
express his meaning, to analyze it, aud to state it neatly in his judg- 
ments and reasonings, 

In the efforts of a translator to render the original clearly, pre- 
cisely, and conformably to the genius of his language, he corrects, 
expands, condenses his phrases, examines them under the relations of 
style and meaning. He reflects, observes, compares, judges, chooses 
understandingly, weighs the import of terms and reasonings, and ap- 
peals to analogy, to his recollections, and his own experience, It is 
this necessity of a complex action of the mind which is the principal 
merit of classical and literary study. 

Some modern langnages, as English and German, are rich in works 
which rival those of antiquity in force, clearness, and grace of expres- 
ston, while imparting much more by the positive knowledge they 
contain. They might profitably replace the classics, but they would 
have to be taught by the French; and then, on the other hand, pupils 
would have small chance of being able ever to understand and read 
them like the English and Germans. 

It is clear that, for this intellectnal gymnastic, the language must 
be read directly. By so much as one falls short of this, he cannot 
derive advantage from the reading, In the first exercises of transla- 
tion, whether we pass from the phrase to the word by the way of 
reason, or from the word to the phrase by the way of routine, we can 
neither take in the full import of the text, nor enter into the spirit of 
the author. We should seek the promptest means to free ourselves 
from oral translation, which is best done by means of the translation 
on the opposite page. 

Translation, as ordinarily practised, not as an exercise in French 
composition, but to construe the authors, violates the law of Nature, 
which requires that we pass from the phrase to the words. In our 
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native tongue we know the precise sense of words only by the phrases 
in which they occur; taken separately, they have no determined 
meaning, A phrase cannot be translated unless it is comprehended, 
and, to seenre this comprehension, we make the translation for the 
student by employing words to which he attaches no precise idea ! 
lIow could the mind develop under sueh a muddle of a system ? 

Tne Arr oF SPEAKING A ForEIGN LANGUAGE IN PuBLIC ScHOOLS.— 
Not having determined in a precise manner the relative importance 
of the objects proposed in learning a language, the means are con- 
founded with the end. To persevere a long time in translation, 
whether to understand the Isnguage, to speak it, or to write it, is to 
form a habit which excludes the possibility of thinking in that lan- 
guage, and retaining the phraseology for use in conversation, 

In the absence of classification, and of principles known to be in 
harmony with the constitution of man and the nature of language, 
the true objects of study are forgotten, and the order which facilitates 
acquisition is reversed. Pedagogy based on a knowledge of prin- 
ciples is unhappily a science little known, and generally ignored by 
teachers and professors. 

The natural application of these principles to the acquisition of 
our native language offers us an infallible gnide and simple processes 
of marvelous efficacy. By what perversity or blindness are we kept 
from the ronte traced for us by Nature? Why not ayail ourselves 
of those powerful instincts, curiosity and imitation—especial sources 
of progress in the acquisition of language? Providence has given 
them to man to accomplish his destiny, It is an aberration of the 
human mind, it is almost an impiety, to reject them and seck other 
means for learning a second language. 

Most authors of new methods make, it is true, the pretense of fol- 
lowing Nature in their processes; but this is an ilusion. Besides, 
they disagree among themselves, and consequently cannot all be true. 
Truth is onx. There are not two ways of imitating Nature in at- 
taining a particular end. All these methods and those of the uni- 
versity have this in common, that, in direct opposition to the laws of 
our organization, and the nature of language, they pretend to teach 
the speaking and writing of a foreign language, without depending 
upon reading and listening—without even making the least allusion 
to the necessity of thinking in that language. While public instruc- 
tion perseveres in this false way, no young man will speak English or 
German on leaving college. Ie might be able, perhaps, in uncon- 
nected conversation, to pronounce some commonplace phrases, but he 
will not converse in the true meaning of the word. 

The minister wishes that, after a little time, the classes should talk 
with their teacher in English and German; but what conversation can 
there be with professors, mostly foreigners, while the scholars are yet 
in the rudiments? The little they will have to say, which always 
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relates to the lesson—a very limited subject—would never give suffi- 
cient practice to enable them really to speak the language. ‘They find 
themselves together: the professor to give, the pupils to receive in- 
struction. The teacher talks to them in a language they know per- 
fectly well; they listen, and say nothing. 

A general conversation outside the lesson would be less practicable. 
There is nothing in common between the professor and his pupils. 
There are no subjects, or they are always the same. But it is more 
than probable that, if, in the presence of thirty or forty pupils little 
versed in the foreign language, he should speak this language, and 
seek to make them speak it, all his efforts wonld produce only con- 
fusion, disobedience, and disorder. At best, this chit-chat could only 
take place in private instruction, 

On the other hand, the difficulty of pupils in understanding the 
master, and the frequent correction of their errors, would constantly 
draw away the attention from the subject to discuss words; would 
discourage the pupils and fatigue the master, and make all genuine 
conversation impossible. But what time would thirty or forty pupils 
have to converse, in the three hours a week that is granted, even 
though they did nothing but converse all the time? Each one, if they 
took turns, would have four minutes a week ! 

The arts of speaking and writing are acquired without difficulty, 
if, conforming to the laws of Nature, pupils read and listen beforehand, 
and always associate the idea with the word. When they perfectly 
understand the spoken language, the professor can address his class in 
it, so that each lesson will be, for all, an advance toward the desired 
end, To listen, and understand what is said, is to learn to pronounce 
and to talk. Later, the book first used in reading and listening will 
teach, by imitation, the arts of speaking and writing. Recurring to 
example instead of rules, the pupils will take their phraseology as a 
model, and vary it infinitely in expressing their own thoughts. 


EMOTIONS IN THE PRIMITIVE MAN. 
By HERBERT SPENCER. 


MEASURE of evolution in living things is, the degree of cor- 

respondence between changes in the organism and coexistences 
and sequences in the environment. In the “ Principles of Psychol- 
ogy,” it was shown that mental development is “an adjustment of 
inner to outer relations that gradually extends in Space and Time, 
that becomes increasingly special and complex, and that has its ele- 
ments ever more precisely codrdinated and more completely inte- 
grated.” Though in that place chiefly exemplified as the law of in- 
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tellectual progress, this is equally the law of emotional progress, 
The emotions are compounded out of simple feelings, or rather out of 
the ideas of them; the higher emotions are compounded out of the 
lower emotions; and thus there is progressing integration. For the 
same reason there is progressing complexity: each larger consolidated 
ageregate of ideal fevlings contains more varied, as well as more ‘nu- 
merous, clusters of components. The extension of the correspondence 
in Space, too, though lest manifest, may still be asserted: witness the 
difference between the proprietary feeling in the savage, responding 
only to a few material objects adjacent to him—weapons, decorations, 
food, place of shelter, ete. —and the proprietary feeling in the civil- 
ized man, who owns land in Canada, shares in an Australian mine, 
Egyptian stock, and mortgage-bonds on an Indian railway. And, that 
the extension of the correspondence in Time may be asserted of the 
more evolved emotions will be manifest, on remembering how the 
sentiment of possession is gratified by acts of which the fruition can 
come only after many years, and even gets pleasure from an ideal 
power over bequeathed property ; and on remembering how the sen- 
timent of justice sceks satisfaction in reforms that are to benefit future 
generations, 

As pointed out in a later division of the “ Principles of Psychol- 
ogy,” & more special measure of mental development is the degree of 
representativeness in the states of consciousness. Cognitions and 
feclings were both classified in the ascending order of presentative, 
presentative - representative, representative, and re - representative, 
This general order has been necessary ; since there must have been 
presentation before representation, and representation before re-repre- 
sentation. It was shown, too, that this more special standard har- 
monizes with the more general standard; since inereasing representa- 
tiveness in the states of consciousness is shown by the more extensive 
integrations of ideas, by the greater definiteness with which they are 
represented, by the greater complexity of the integrated groups, as 
well as by the greater heterogeneity among their elements; and here 
it may be added that greater representativeness is also shown by the 
greater distances in space and time to which the representations ex- 
tend. 

There is a further measure which may be serviceably used along 
with the other two. As was shown in the “Prineiples of Psychology :” 


“ Mental evolution, both intellectual and emotional, may be measured by the 
degree of remoteness from primitive retlex action. The formation of sudden, 
irreversible conclusions on the slendecrest evidence is less distant from reflex 
action than is the formation of deliberate and modifiable conelusions after much 
evidenee has been colleeted. And similarly, the quick passage of simple emo- 
tions into the particular kinds of conduct they prompt is less distant from reflex 
action than is the comparatively-hesitating passage of compound emotions into 
kinds of conduct determined by the joint instigation of their components.” 
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Here, then, are our guides in studying the primitive man as an 
emotional being. Considering him as less evolved, we must expect to 
find him comparatively wanting in those most complex emotions that 
respond to multitudinous and remote probabilities and contingencies. 
ILis consciousness may be regarded as unlike that of the civilized man, 
by consisting in a greater degree of sensations and the simple repre- 
sented feelings directly associated with them, and by containing fewer 
and weaker feelings involving representations of consequences beyond 
the proximate. And the relatively-simple emotional consciousness 
thus characterized we may expect to be consequently characterized 
by less of that coherence and continuity which results when the 
promptings of direct desires are checked by sentiments responding to 
ultimate effects, and by more of that irregularity which results when 
each desire as it arises discharges itself in action before counter-de- 
sires have been awakened. 


On turning from these deductions to examine the facts with a view 
to induction, we meet difficulties like those which we met in the last 
chapter. As in size and structure the inferior races differ from one 
another enough to produce some indefiniteness in our conception of 
the primitive man—physiecal ; so in their passions and sentiments the 
inferior races present contrasts sufficiently marked to obscure the 
essential traits of the primitive man—emotional. 

This last difficulty, like the first, is indeed one that might have 
been anticipated. The spreading of the race during all past epochs 
into the multitudinous widely-contrasted habitats entailing widely- 
unlike modes of life has necessarily been accompanied by emotional 
specialization as well as by physical specialization, And beyond dit 
ferentiations of character directly due to differences of natural cir- 
cumstances and resulting habits, the inferior varieties of men have 
been made to differ by the degrees and durations of social discipline 
they have been subject to. Referring to such unlikenesses, Mr. Wal- 
lace remarks that “ there is, in fact, almost as much difference between 
the various races of savage as of civilized peoples.” 

To conceive the primitive man, therefore, as he existed when social 
aggregation commenced, we must generalize as well as we can this 
entangled and partially-conflicting evidence: led mainly by the traits 
common to the very lowest, and finding what guidance we may in the 
@ priori conclusions set down above. 

The fundamental trait of impulsiveness, though one to be looked 
for as universal among inferior races, is not everywhere conspicu- 
ous, Taken in the mass, the aborigines of the New World seem im- 
passive in comparison with those of the Old World: some of them, 
indeed, execeding the civilized people of Europe in ability to control 
their emotions. Through stories most peoples have been made familiar 
with this trait of the North-American Indians; and the statements of 
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recent travelers confirm those of older ones. The Dakotas are said 
to suffer with patience both physieal and moral pains. The Creeks 
display “ phlegmatie eoldness and indifference.” So, too, with various 
native peoples of South Ameriea. According to Burnand, the Guiana 
Indian, though “strong in his affections,” will lose his dearest rela- 
tions, as he bears exerneiating pains, with “apparent stoieal insensi- 
bility; and Humboldt speaks of Is “resignation.” So, too, of the 
Uaupes: Wallace comments on “the apathy of the Indian, who searce- 
ly ever exhibits any feelings of regret on parting or of pleasure on his 
return.” And, that a character of this kind was wide-spread, seems 
implied by testimonies respecting the ancient semi-eivilized peoples 
of America, who were not impulsive. Nevertheless, there are among 
these races traits of a contrary kind, more congruous with those of 
the uncivilized races generally. Spite of their usually unimpassioned 
behavior, the Dakotas rise into frightful states of bloody tury when 
killing buffaloes ; and among the phlegmatic Creeks there are “very 
frequent suicides eaused by trifling disappointments.” Some of these 
American indigenes, too, do not show this apathy: as, in the North, 
the Snake Indian, who is said to be “a mere child, irritated by, and 
pleased with, a trifle; ” and as, in the South, the Tupis, of whom it is 
said that “ifa savage struck a foot against a stone, he raged over it, 
and bit it like a dog.” This exceptional non-impulsiveness in many 
American races may possibly be due to constitutional inertness, 
Among ourselves, there are people whose habitual equanimity results 
from want of vitality: being but half-alive, the emotions produced in 
them by irritations have less than the usual intensities. That a gen- 
eral apathy, thus caused, may account for this peculiarity, seems in 
South America implied by the alleged sexual coldness. 

Recognizing such anomaly as there may be in these faets, we find 
throughout the rest of the world a general congruity. Passing from 
North America to Asia, we eome to the Kamtchadales, of whom we 
read that they are “exeitable, not to say (for men) hysterieal. A 
light matter set them mad, or made them commit suicide ;” and we 
come to the Kirghiz, who are said to be “fickle and uneertain.”’ 
Turning to Southern Asiaties, we find Burton asserting of the Bedouin 
that he is “a mixture of worldly eunning and great simplicity,” and 
that his valor is “fitful and uncertain,” And while, of the Arabs, 
Denham remarks that “their common conversational intercourse ap- 
pears to be a continual strife and quarrel,” Palgrave says they will 
“chaffer half a day about a penny, while they will throw away the 
worth of pounds on the first asker.” Among the African races we 
find like traits, Captain Burton, saying that the East-Afriean is, 
“like all other barbarians, a strange mixture of good and evil,” de- 
scribes him thus: 

“ He is at once very good-tempered and hard-hearted, combative and can- 
tious; kind at one moment, cruel, pitiless, and violent, at another; sociable and 
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unaffectionate; superstitious and grossly irreverent; brave and cowardly, ser- 
vile and oppressive; obstinate, yet fickle and fond of changes; with points of 
honor, but without a trace of honesty in word or deed; a lover of lite, though 
addicted to suicide; covetous and parsimonious, yet thoughtless and improvi- 
dent.” 


With the exception of the Bechuanas, of whom even temper and 
self-command are asserted, the like is trne of the races farther south. 
Thus, in the Damara, Galton says the feeling of revenge is very tran- 
sient—‘ gives way to admiration of the oppressor.” Burchell de- 
scribes the Hottentots as passing from extreme laziness to extreme 
eagerness for action. And the emotional natnre of the Bushmen is 
summed up by Arbrousset as quick, generous, headstrong, vindictive 
—very noisy quarrels are of daily occurrence: “ Father and son will 
attempt to kill each other.” Among the scattered societies of the 
Eastern Archipelago, those formed of Malays, or in which the Malay 
blood predominates, do not exhibit this trait. The Malagasy are said 
to have “ passions never violently excited ’—are not quick in resent- 
ing injuries, but cherish the desire for revenge; and the pure Malay 
is described as not demonstrative. The rest, however, have the ordi- 
nary trait. «Among the Negrittos, the Papuan is “impetuous, ex- 
citable, noisy ;” the Feejecans have “ emotions easily roused but tran- 
sient,’ and “are extremely changeable in their disposition ;” the An- 
damanese “are all frightfully passionate and revengefnl;” and we 
are told of the Tasmanians that, “like all savages, they quickly 
change from smiles to tears.” Among other of the lowest races there 
are the Fuegians, who “have hasty tempers,” and “are loud and furi- 
ous talkers;” and the Australians, whose impulsiveness Stuart im- 
plies by saying that the “angry Australian jin exceeds the European 
scold,” and that a man “remarkable for haughtiness and reserve 
sobbed long when his nephew was taken from him.” Bearing in 
mind that such non-impulsiveness as is shown by the Malays oceurs in 
a race that has reached a considerable degree of civilization, and that 
the lowest races, as the Andamanese, Tasmanians, Fuegians, Austra- 
lians, betray impulsiveness in a very decided manner, we may safely 
assert it to be a trait of primitive man, possessed, probably, in a 
greater degree than is implied by the above quotations, What the 
earliest character was, we may best couceive by reading the follow- 
ing vivid description of a Bushman. Asserting his simian appear- 
ance, Lichtenstein continues ; 


“What gives the more verity to such a comparison was the vivacity of lis 
eyes, and the flexibility of his eyebrows, which he worked up and down with 
every change of countenance. Even his nostrils and the corners of his mouth, 
nay, his very ears, moved involuntarily, expressing his hasty transitions from 
eager desire to watchful distrust... . When a piece of meat was given him, 
and half rising he stretched out a distrustful arm to take it, he snatched it 
hastily, and stuck it immediately into the fire, peering around with his little 


336 THE POPULAR SCIENCE MONTHLY. 


keen eyes, as if fearing that some one should take it away again: all this was 
done with sueh looks and gestures, that any one must have been ready to swear 
he had taken the example of them entirely from an ape.” 


Indirect evidence that early human nature differed from later hu- 
man nature, by having this extreme emotional variability, 1s yielded 
us by the contrast between the child and the adult among onrselves. 
For, on the hypothesis of evolution, the civilized man, passing through 
phases representing phases passed through by the race, will, early in 
life, betray this impulsiveness which the early race had. The saying 
that the savage has the mind of a child with the passions of a man— 
or, as it would be more correctly put, has adult passions which act in 
a childish manner—thus possesses a deeper meaning than appears. 
There is a genetic relationship between the two natures, such that, al- 
lowing for differences of kind and degree in the emotions, we may re- 
gard the codrdination of them mn the child as fairly representing the 
coérdination in the primitive man. 

The more special emotional] traits are in large part dependent on, 
and further illustrative of, this fundamental trait. This relative im- 
pulsiveness—this smaller departure from primitive reflex action, this 
lack of the re-representative emotions whieh hold the simpler ones in 
cheek—is accompanied by improvidence. 

The Australians are described as “ ineapable of any thing like per- 
severing labor the reward of which is in futurity.’ According to 
Kolben, the Hottentots are “the laziest people under the sun;” and 
we are told that with the Bushmen it is “always either a feast or a 
famine.” Passing to the indigenes of India, it is said of the Todas 
that they are “indolent and slothful;” of the Bhils, that they have 
“a contempt and dislike to labor ”—will half-starve rather than work; 
while of the Santals we read that they have not “the unconquerable 
laziness of the very old Hill-tribes.” So, from Northern Asia, the 
Kirghiz may be taken as exemplifying idleness; and in America 
we have the fact that none of the aboriginal peoples, if uneoerced, 
show capacity for industry. In the North, cut off from his hunting- 
life, the Indian, capable of no other, decays and disappears; and in 
the South the tribes disciplined by the Jesuits lapsed into their origi- 
nal state, or a worse, when the stimuli and restraints ceased. <All 
which facts are in part aseribable to inadequate consciousness of the 
future—feeble grasp of distant results. Where, as among the Sand- 
wich-Islanders, and in some of the Malay societies, we find considera- 
ble industry, it goes along with such a social state as implies discipline 
thronghout a long past—conditions have caused considerable diver- 
gence from the primitive nature. It is true that perseverance with a 
view to remote benefit occurs among savages. They bestow much 
time and pains on their weapons: six months to make as many arrows, 
immense patience in drilling holes through stones, But in these cases, 
beyond the facet that the benefits are simple, proximate, and conspicu- 
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ous, it is to be observed that little muscular effort is required, and the 
activity is thrown on perceptive faculties which are constitutionally 
active.” 

A trait which naturally goes along with inability so to conceive 
the future as to be influenced by the conception is a childish mirthful- 
ness—merriment not sobered by thought of what is coming. Though 
sundry races of the New World, along with their general impassive- 
ness, are little inclined to gayety, and though among the Malay races 
and the Dyaks gravity is a characteristic, yet generally it is other- 
wise. Of the New-Caledonians, Feejeeans, Tahitians, New-Zealanders, 
we read that they are always laughing and joking. Throughout Af- 
rica, too, the negro shows us everywhere this same trait; and of other 
races, in other lands, the various descriptions of various travelers are: 
“full of fun and merriment,” “full of life and spirits,” “merry and 
talkative,” “skylarking in all ways,” “ boisterous gayety,” “laughing 
immoderately at trifles.’ Even the Esquimanx, notwithstanding all 
their privations, are described as “a happy people.” We have but to 
remember how greatly habitual anxiety about coming events moder- 
ates the flow of spirits—we have but to contrast the lively but im- 
provident Irishman with the grave but provident Scot—to see that 
there is a relation between these traits in the uncivilized man. The 
relatively-impulsive nature, implying total absorption in a present 
pleasnre, causes at the same time these excesses of gayety and this 
inattention to threatened evils. 

Along with the trait of improvidence there gocs, both as cause and 
consequence, an undeveloped proprietary sentiment. When thinking 
about the nature of the savage, we overlook the fact that he lacks the 
extended consciousness of individual possession, and that under his 
conditions it is impossible for him to have it. Established, as the sen- 
timent can be, only by multitudinous experiences of the gratifications 
which possession brings, continued through suecessive generations, it 
cannot arise where the circumstances do not permit these experiences. 
Beyond the few rude appliances ministering to his bodily wants, the 
primitive man has nothing that he can accumulate—there is no sphere 
for an acquisitive tendency. Where he has grown into a pastoral life, 
there arises a possibility of benefits from increased possessions—he 
profits by multiplying his flocks. Still, while he remains nomadic, it 
is difficult to supply his flocks with unfailing food when they are large, 

‘It should be remarked as a qualifying fact, which has its physiological as well as its 
sociological interest, that the characters of men and women are in sundry cases described 
as unlike in power of application. Among the Bhils, while the men hate labor, many of 
the women are said to be industrious. Among the Kookies, too, the women are “ quite 
as industrious and indefatigable as the Naga women :” the men of both tribes being lazy. 
Similarly in Africa, In Loango, though the men are inert, the women “ give themselves 
up to” husbandry “ with indefatigable ardor;” and our recent experiences on the Gold- 
Coast show that a like contrast holds there. The establishment of this difference seems 
to imply the limitation of heredity by sex. 
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and be has increased losses from enemies and wild animals; so that 
the benefits of accumulation are kept within narrow limits. Only as 
the agricultural state is reached, and only as the tenure of land passes 
from the tribal forin, through the family form, to the individual form, 
is there a widening of the sphere for the proprietary sentiment. 

So that the primitive man, distinguished by his improvidence, dis- 
tinguished also by deficiency of that desire to own which checks im- 
providence, is, by his circumstances, debarred from the experiences 
which develop this desire and diminish the improvidence. 

Let us tur now to those emotional traits which directly affect the 
formation of social groups. Varieties of mankind, as we now find 
them, are social in different degrees; and, further, they are distin- 
guished by different degrees of independence—are here tolerant of 
restraint and here intolerant of it. Clearly, the proportions between 
these two characteristics must greatly affect the social union. 

Deseribing the Mantras, indigenes of the Malay Peninsula, Pére 
Bourien says: “ Liberty seems to be to them a necessity of their very 
existence; ”? “every individual lives as if there were no other person 
in the world but himself; ” they separate if they dispute: So, too, of 
the wild men in the interior of Borneo, “who do not associate with 
each other; and whose children, when “old enough to shift for them- 
selves, usually separate, neither one afterward thinking of the other.” 
A nature of this kind manifestly precludes social development; and 
it shows its effects in the solitary families of the wood-Veddahs, or 
those of the Bushmen, whom Arbrousset describes as “independent 
and poor beyond measure, as if they had sworn to remain always free 
and without possessions.” Of sundry races that remain in alow state, 
this trait is remarked; as in South America, among the Araucanians, 
“the Mapuché is impatient of contradiction, and brooks no command ;”” 
as, according to Bates, among the Indians of Brazil, who, tractable 
when quite young, begin to display “impatience of all restraint at 
puberty ;” as among the Caribs, who were “impatient under the least 
infringement” of their independence. Sundry of the Hill-tribes of 
India, too, exhibit a kindred nature. The savage Bhils have “a nat- 
ural spirit of independence ; ” the Bodo and Dhimal “ resist injunctions 
injudiciously urged, with dogged obstinacy ;” and the Lepchas “ un- 
dergo great privations rather than submit to oppression.” This im- 
pediment to social evolution we meet with again among some nomadic 
races, “A Bedouin,” says Burckhardt, “will not submit to any com- 
mand, but readily yields to persuasion; ” and he is said by Palgrave 
to have “a high appreciation of national and personal liberty,” and “a 
remarkable freedom from any thing like caste feeling in what concerns 
ruling families and dynasties.” That this moral trait is injurious 
during early stages of social progress, is in some cases observed by 
travelers, as by Earl, who says of the New Guinea people that their 
“impatience of control” precludes organization, Not, indeed, that 
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absence of independence will of itself cause an opposite result. The 
Kamtchadales, according to Grieve, exhibit “slavishness to people 
who use them hard,” and “contempt of those who treat them with 
gentleness ;” and Galton, describing the Damaras as having “no in- 
dependence,” says they “court slavery ”—that “ admiration and fear” 
are their only strong sentiments. <A certain proportion between the 
feelings prompting obedience and prompting resistance seems required, 
The Malays, who have evolved into several semi-civilized societies, 
are said to be submissive to authority; and yet cach is “sensitive to 
any interference with the personal liberty of himself or another.” 
Clearly, however, be the cause of submission what it may—whether 
want of self-assertion, or fear, or awe of superiority, which, separately 
and together, in different proportions, favor subordination—a rela- 
tively-subordinate nature is everywhere shown by men composing 
social aggregates of considerable size. In such semi-civilized socie- 
ties as tropical Africa contains, it is conspicuous; and it was manifest 
in the peoples who formed the extinct Oriental societies, as also in 
those who formed the extinet societies of the New World. 

It, as among the Mantras above named, intolerance of restraint is 
joined with want of sociality, there is a double obstacle to social 
union; a cause of dispersion is not checked by a cause of aggregation, 
If, as among the Todas, a man will sit inactive for hours, “secking no 
conipanionship,” he is under less temptation to tolerate restrictions, 
han if solitude is unbearable. Clearly, the ferocious Feejeean, in 
whom, strange as it seems, “the sentiment of friendship is strongly 
' developed,” is impelled by this sentiment, as well as by his extreme 
loyalty, to continue in a society in which despotism based on eanni- 
balism is absolutely without check. 

When we average the evidence, first as presented by the very low- 
est men who group themselves socially to the smallest extent, and then 
as presented by more advanced men forming larger aggregates, we 
find warrant for saying that primitive men, who, before any arts of life 
were developed, necessarily lived on wild food, implying wide disper- 
sion of small numbers, were, on the one hand, not much habituated to 
associated life, and were, on the other hand, habituated to that uncon- 
trolled following of immediate desires which goes along with separate- 
ness, So that, while the attractive force was small, the repulsive force 
was great. Only as primitive men were impelled into greater grega- 
riousness by local conditions which furthered the maintenance of many 
individuals in a small area, could there come that inerease of sociality 
required to cheek unrestrained action, And here we see yet a further 
difficulty which stood in the way of social evolution at the outset. 
From the “ Principles of Sociology,” Purt I. 


340 THE POPULAR SCIENCE MONTHLY. 


BIOLOGY FOR YOUNG BEGINNERS.’ 
By SARAH HACKETT STEVENSON, 


NDER the tow eayes at the back of the house was a long, deep 
wooden trough for catehing the rain that fell on the roof. This 
old trough was to me a never-failing source of wonder and delight 
during my childhood. The inside of it was all lined with a beautiful, 
green, velvety mould, and, when there had been no rain for some time, 
the water itself would turn a greenish color. We used to cateh our 
little downy yellow ducks and put them in the trough to see them 
swim, and sometimes they would break off and eat the green mould 
with their enrious shovel-bills. What this queer, green stuff was, and 
how it came there, was a great mystery to us children, Charley de- 
elared it came down in the rain just as the angle-worms that he used 
for fish-bait, Thad to wait a long time to find some one to explain to 
me all about these simple things. No doubt I might have learned 
about them here at home, if I had tried hard enough; but it so hap- 
pened that I found a great professor in London, who was teaching his 
students just what I wanted to know, and he explained so well what I 
had seen in the old water-trough, and many other curious things, that 
I have thought my young friends might like to hear about them also. 
Tam sure I should have been very glad if I could have found any one 
to explain them to me when I was a child. 

Probably you have no trough in which you can find this green 
mould, but there is plenty of it on old palings, stone-walls, and the 
trunks of trees, That which comes on the top of water, and makes it 
look green, is a little different from that which covers old wood and 
stones, and we shall speak of this difference by-and-by. In order to 
sce what there is in this green, mouldy matter, and what it is made of, 
you must look at it through the microscope. The word microscope 
comes from two words which mean @ttle, and to view, and so this in- 
strument is used to magnify, or make larger, things which are too 
small to be seen with the naked eye. Under it the dust of the butter- 
fly’s wing looks as large as the feathers of a canary-bird. Each of you 
ought to have a microscope of your own to study the things we are 
going to talk about, or several of you might club together and buy 
one, and use it “turn about.” Jai sure you would never regret the 
investment. 

Tf you earefully scrape off a little of this mould from the trees or 
fences and look at it through the microscope, you can see that it is made 
up of exceedingly small bladders or bags. You will find little sacs 

1¥rom “Boys and Girls in Biology,” now in the press of D. Appleton & Co., by a 
pupil of Prof. Huxley. Written upon the basis of his Jectures, and illustrated by Miss 
M. A. J. Macomish. 
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something like these in all the substances we are going to examine, 
They are called cef/s, Sometimes cells are quite colorless and clear cr 
transpurent, but here you see they are colored—some are green, some 
red, and others are red in the middle and green at the border, You 
will notice that this coloring is all inside the cell, and not in the wall 
or outside cover of the cell; and sometimes, though not often, you can 
see this coloring-matter is formed in little grains, Now I wish you to 


Fia. 1.—Mov.Lp- Fig. 2.—GREEN MovLp- Fic. 3.—MovLp-CELL = Fie. 4 RED CENTRE 
CELL. CELL, witH RED CENTRE. AND GREEN BorDER. 


notice the size and shape of the cells. You will find that most of 
them are from 755 to gs4y7 Of an inch in size, and nearly all of them 
have a round shape. Let us see now how many different things we can 
find in these cells. First, there is the outside cover or sac; this sae 
seems to be filled with something that looks like jelly, or the white of 
an egg, and in this jelly you can see the green and the red colored 
grains, a little round, hard-looking body that looks like a kernel, and 
sometimes in the middle of the sac there isa thin, empty-looking space. 
We will begin at the outside and look at each of these things sepa- 
rately, and try to find out what they are. If you press some of the 
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Air-cell. 
Cell-wall. 


. Cell-wall. 


------- Jelly, or proto- 
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Fre. 5. Fic. 6.—-BRoEEN CELL. 


cells lightly they will burst, the soft inside part will flow ont and leave 
the empty sae just the shape of the cell except where it is torn. This 
shows that the outside is much stronger and tougher than the inside. 
Chemists have found that this wall of the cell is made exactly the 
same as the tough eells of wood—it is called cellulose. 

The light-colored jelly inside the sac has a long name of its own— 
protoplasm—which means first form or mould, because this seems to be 
the first form of all life. The green and the red colored grains are 
ealled chlorophyll. The word means green leaf. But chlorophyll is 
not always green: as you see in this mould, it is sometimes red, and it 
has many other colors; nor is it found in leaves only, as you will see 
when we come to study the stems and flowers of plants. But this dye- 
stuf or coloring-matter was first found in the leaves, hence its name— 
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green leaf. It is easy to remember; it will help you to think of the 
hard Greek name—chlorophyl. 

The little round, hard kernel! is called the aeeleus, which means a 
nut or kernel, and the thin space in the centre is the vacuole or air- 
cell, It seems to be like a tiny drop of water separated from the rest 
of the jelly, which contains a good deal of water, 

Now that we have described and named cach of these different 
parts, we can go a step or even two steps farther, and tell of what the 
most of them are made, and of what use they are. The tough wall or 
sac of the cell is made of the woody matter or cellulose, mixed with a 
little water and mineral matter. The cellulose or woody part is made 
of three substances—carbon, hydrogen, and oxygen. If you ask me 
what these things are, I can only tell you that they belong to what are 
called the simple chemical elements, beeause each one is made of just 
one kind of matter. These three substances, and one other called 2 itro- 
gen, help to make every thing there is in the world, except a few such 
things as gold, iron, sulphur, ete., which are also simple elements. The 
water is made of hydrogen and oxygen. Its use is probally to hold 
and protect all the inside parts, or contents of the cell, So much for 
the outside sac of the eell—now for the inside. The cell-jelly, or proto- 
plasm, is made of water, fat, mineral matters, and prote¢n. The water 
we already know. The fat is made of carbon, hydrogen, and oxygen. 
The minerals belong to the simple clements, 

The protein we know but little about. We are sure that it con- 
tains carbon, hydrogen, oxygen, and nitrogen, with a little sudphur or 
phosphorus, or both, and we know that it is fonnd in all Jiving matter. 
There is no life without it, so it has been called the “ basis of life.” 
But there is a great deal more to be learned about it. 1 want you 
to remember what this word protein stands for, because it is some- 
thing abont this substance that makes one of the greatest differences 
between vegetables and animals. There is nothing in its appearance 
that would make you think it of so much importance; it looks to be 
nothing more than'so much light-colored jelly, or white of egg. The 
word protein means first or chief, and this is the part of the proto- 
plasm-jelly, which is alive. The kernel, or nucleus of the cell, seems 
to be only a part of the protein-jelly which is harder than the rest, 
and it has something to do with the making of new cells, as we shall 
see farther along in our study. 

Now, what about the dye-stuft? Is it of any use, or is it just here 
to make the mould look pretty ? It is of great use, as we shall soon see. 
Each grain is a very clever little chemist that works in the cell, which 
is his laboratory, or workshop. The sunlight is the fire by which 
this cheiist heats his erucible, or melting-pot. Into this crucible he 
puts the poisonous gas, carbonte acid, that he gets from the air, and 
melts it up into carbon and oxygen, the two substances of whieh it is 
made, He keeps the carbon to feed upon, and gives back the pure 
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oxygen to the air again. Thus he works from sunrise to sunset. His 
hours are regulated by the sun, instead of by Congress. You never hear 
of an “eight-hour movement” or a “strike” among the chlorophyil 
laborers, As soon as the snm goes down they go to bed, tike honest 
workmen, During the night, while these green-leaf or chlorophyll 
workers are asleep, the colorless protein-jelly of the cell gives out the 
poisonous earbonie acid and takes in oxygen. The green cells give 
off carbonic acid and take in oxygen during the day, as well as during 
the night, but the little chlorophyll-grains do so much more work than 
the rest of the jelly in the cell, it seems as though the cell gives out 
nothing but oxygen and takes in nothing but carbon during the day, 
when all these little colored chemists are doing their best.’ 

Now you can understand why it is healthy to have growing plants 
in your room during the day, but not during the night. When the 
sun is shining they purify the air, because they give off more oxygen 
than carbonic acid; but at night they poison the air, because they 
give off only carbonie acid. 

All plants that contain this green-leaf matter, or chlorophyll, are 
called green plants. You remember the colorless plants, such as toad- 
stools, are called fung?. It is found, as you have seen, that green 
plants must-have the sunshine, but fungi grow as well, or even bet- 
ter, in the dark. Thus we have found the materials ont of which 
the mould-cell is made, and the use of all its different parts. Who 
would have thought there was so much to learn in one of those little 
bladders, when you first looked at it under the microseope! This 
ereen mould-plant has a very pretty name of its own—protococcus. 
The word means first berry. Perhaps this name was given because 
these cells look like little berries. 
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If you look long and carefully, you can sce the protococeus or 
berry-ccll begin, like a little carpenter, to make a partition-wall right 
through the middle of the old house (Fig. 7); and, when the wall is 
finished, the two halves move away from each other, the carpenters 


} Recent investigations seem to prove that the breathing of plants is similar to that 
of animals during both day and night; that the breaking up of carbonic avid is diges- 
tion, and not respiration. It has its seat in the chlorophyll, and is active in the sun- 
light; while the respiration, the breathing in of oxygen and the breathing out ef car- 
bonie acid, has its seat in the protoplasm, or protein of the cells. (Sce “ Respiration of 
Plants,” by Emile Alglave, Popcuar Screxce Moyruty for November.) 
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round off the sides, and thus make two new houses out of the old one. 
Sometimes they build two partitions, as you see in Fig. 8, and, in- 
stead of two houses, there are four, What ingenious workers they are, 
thus to build four new houses out of one old one! They work so fast, 
too. The Chicago builders worked at the rate of a house an hour 
after the “ great fire,’ but the protococens builders can beat that, for 
they have been known to build one hundred thousand houscs per 
minute, and that, too, in the winter-time, when the ground was all 
covered with snow! 

The red protococens, sometimes called “ red snow,” which is found 
in the arctic regions and among the Alps, will cover hundreds of 
acres of vround with its little red roofs in almost “less than no time.” 
There are many curious stories told about this red snow. The an- 
cients thought it was blood sprinkled down from heaven, as a warn- 
ing of some great trouble, and it produced as much terror as com- 
ets and eclipses. But all the while it was only an innocent, pretty 
little plant. There is also a green protococens that grows in the snow 
regions, and it is called the “green snow-plant.” The red and the 
green snow-plants do not grow just in the same way as the protococens 
of the trough or paling. The snow-carpenters divide their dwelling 
into a whole lot of little rooms (Fig. 9), then they “ burst up” the old 
house entirely, and each one of the little rooms becomes a separate 
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Fig. 9.—SNow-CARPENTERS DIVIDING THE OLD 
HovsE 1nTo New Rooms By CLEAVAGE. Fic. 10.—Boat, oR PEAR-SHAPED CELL, 


mansion, and goes on doing the same thing for itself, This mode of 
building is called “ cleavage ;” the first kind is called “ fission.” 

T told you there was a difference between the mould on the sides 
and the mould in the water of the old trough. You see that the proto- 
cocens mould yon are looking at does not move abont nnder the micro- 
scope, but remains quietly where you place it. Now, if you examine 
some of the protoeoecus that grows in old water, you will see the cells 
scnlling about very fast, like so many little boats. If your eyes and 
microscope are very good, you can see the two tiny oars by which the 
little boatman guides his craft. There seem to be two kinds of boats 
—one small, green, and pear-shaped (Fig. 10); the others are larger, 
and look more like the carpenters’ houses. The little pear-shaped 
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boats often have a tiny red window, or port-hole, called the “eye- 
spot.” If you wateh long and earefully, you can see the little boat- 
nan pull in bis oars (ig. 12), as if to rest. Bunt, if yon shake the 
water, and then put it in the sun, out go the oars again, rowing faster 
than ever, The little pear-shaped cells do not have a tough, ecllular 
sac; these independent little sailors seem to jump out of the boats 
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Fic. 12.—Prorococcus, oR _BERRY- 
Fig. 11.—Protococcts Boats. Boat, WiITl OARS PULLED IN. 


entirely and swim abont quite naked (Fig. 13). After they have 
bathed to their hearts’ content, they seem to retire quietly to the 
sands and dress themselves again; that is, each one builds around 
himself a new wall, or boat, in which he rests till he needs another 
dip. The larger kind try to be more respectable; they stay in their 
boats in a dignified and proper manner. JZodine kills them, and then 
you ean see where the little oars are pushed through the row-loeks in 
the sides of the boat. These oars are ealled cilia—a word which 


Fig. 13.—Psar-sHaPeD CELL WITHOUT A Sac, OR THE Boatman witrort a Boat, 


means eyelashes. When the little sailors are getting tired, and just 
before they die, yon can see these eyelash oars quite plainly, they 
more so slowly; but, when they are vigorous and the day is sunny, the 
oars nove so fast you cannot see them. No Columbia or Cambridge 
erew can begin to pull with these protococens hoatmen. Besides being 
good oarsmen, they are also good builders. You may often see them 
breaking up the old boats by cleavage and fission, just as the carpen- 
ters break up the old houses.’ 

And so we have followed our quaint little friend, the protococeus, 
throngh all his oecupations—ehemist, carpenter, boatman, and ship- 
builder, Now, Iam sure yon will never again pass by an old fence, 
or a pool of green water, without thinking of the wonderful little arti- 


) The kind of berry-moulds that grow on old wood and stones, and in the snow, is 
called still protococeus; that whieh grows in old water, and moves about by oars, is 
called moving protococeus. 
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sans that are working there. When I watched the ducks swimming 
in the old trough, little did I think of the noiseless hands that were 
building up those velvety-green walls, or of the unseen and unnun- 
bered fleet of boats sculling through the water. 


Young folks have a great fancy for “ bloody stories ;” so lam going 
to tell you not exactly a “bloody story,” but a story about blood, and 
you need not be alarmed, for before I finish you will find there is 
nothing in blood to alarm any one, but a great deal that is useful, 
curious, and beautiful. If you prick your finger with a needle, and 
squeeze out a drop of blood and place it under the microscope, you will 
be astonished at what you see (Fig. 14), You can hardly believe that 
a drop of blood contains so many curiosities, First you observe a whole 
lot of little reddish-looking bodies, and among these a number of larger 
transparent bodies, which look like minute splashes of light-colored jel- 
ly. It is about these jelly-like bodies I am going to talk with you. If 


--~ Red cells. 


Red cell, seen ---..--- H 
on its edge. 


Ameeba, or 
colorless cell. 


Fic. 14.—BLoop-CELLS, COLORED AND COLORLESS. Fics. 15 AND 16.—TuE AM@BA OR 
Bioop-CELL CHANGING ITS FoRM. 


you keep your eye on one of them, you see that it continually changes 
its form, and that it has a slow, crawling kind of motion; and, if you 
try to make a drawing of it on paper, your picture will never be twice 
alike (Figs, 15, 16). It pnts out something from one side which looks 
like a foot; then it draws in this foot, and puts out another at the other 
side, as if trying to find a soft place to walk upon. Sometimes it puts 
out several of these feet at one time. This little jelly-splash appears to 
use its feet as we use ours, to walk with, though you see it gets on quite 
slowly and awkwardly. Its foot is called a pseudopodium, which means 
False foot. These little bodies have a very suitable name—amebe, 
aud the word means changing. This name was given to them, no 
doubt, beeause they are constantly changing their form. The ameba, 
or blood-cell, is larger than the still protococens, or motild of the paling, 
and not quite as large as the moving protococeus, or green water- 
mould, It is usually about 3,4, of an inch in breadth. It does not 
possess the cellulose or woody sae, like the little protococcus houses, 
Tt is more like the pear-shaped protococens boatmen, Its wall is just 
the hardened outer layer of the jelly or protoplasm, It has no thin 
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space or vacuole, no “eye-spot,” no eyelashes or eilia, and when it is 
quite fresh and new you eannot see any kernel or nucleus. You really 
can see nothing but an odd-looking lump, with here and there some lit- 
tle grains inside of it. If you give it a drop of weak vinegar or acetic 
acid, the little grains will disappear, and you can see the kernel in the 
eentre (Iigs. 18, 19). 

You ean find this kernel much easier if you stain the cell with ma- 
genta or weak iodine, Heat makes these amcbie or blood-eells move 


Kernel. ---- 
Sac. —... 


Figs. 18 AND 19.—CLLLS CLEARED WITH VINEGAR, SU aS TO 
sHOW THE NUCLEUS. 


mueh quicker, and it is very interesting to watch them make their 
way among the yellowish-red cells which lie in rows all around them, 
Sometimes one of the amber will clear a channel for itself right 
through a thick group of the others. The first time I ever saw them 
moving in this way, I could not help thinking of the canals in Venice, 
where the gondoliers steer their gondolas close beside the houses, 
turning the corners so skillfully as never to strike them, So these lit- 
tle gondoliers of the blood went in and out, threading their way among 
the reddish-yellow cells, which stood in rows on either side the narrow 
channels (Fig. 20). There is one great difference, though: in Venice 


Fic. 20.—THeE AMEBZ PUSHING THEIR WaY AMONG THE RED CELLS. 


the gondolier has nothing to do but follow the canals that are made 
for him, but the amceba gondolier has to make his way as he goes. No 
wonder you open your eyes! It is enough to open any one’s eyes to 
think of the thousands of these odd creatures that go half creeping, 
half walking through one’s veins. You know people sometimes talk 
about their “blood erawling,” but very few people know ow the blood 
crawls. 

Tf you heat the ameebe they pull in all their little feet and become 
perfeetly white and still, and nothing you ean do will ever bring 
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them back to life. These blood-cells that I have described are called 
“human ameebe,” or the amebe of man. Those that are found in 
the blood of other animals are somewhat different, but there is a kind 
of ameeba, or crawling-cell, which grows on the top of stagnant water, 
that has a greater difference (Figs. 21, 22). Take a little of the seum 
that rises on ponds in hot weather, and put it under the microscope. 
Tn it you will find these jelly-lmmps of a much larger size. They are 
from yoyo to phy Of an inch across, and move about by the same kind 
of queer-looking feet. But the border does not look at all the same. 
First, on the outside you see a clear, glassy-looking rim; inside of this 
is a thicker, darker ring filled with little grains—granules. 
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Fic, 21.—Poxp AM&BA. 
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Fig. 22.—Ponp AM@BA. Fie, 23. 


The centre of the cell is quite clear, and contains a thin space or 
vacuole, like that you saw in the yeast and green mould. The outer 
border or rim is ealled the ectosare, which means onter flesh. The 
inner is called the edosare, or inner flesh. Near the clear outer rim or 
ectosare you will find the kernel or nnelens—a roundish, solid-looking 
little body which does not change its form. If you look closely you 
will see a small round, clear space in this outer rim or ectosare which 
has motion, something like the beating of the heart. Indeed, by some 
it is thought to be the simplest form or beginning of a heart. It is 
called by a long name, the “ contractile vesicle,” or “ contractile space.” 
All ameebre do not have this heart, nor do they all have a kernel. 
This contractile space or heart is very important, because it seems to 
be doing a work of its own. This is the first time we have found one 
part of a cell doing something entirely different from another part. 
The jelly or protoplasm of the yeast and the green mould is “imaid-of- 
all-work.” But the amcebee fainily seem to be looking np in the world, 
and are trying to pattern after those establishments that keep a ser- 
vant for each kind of work. 

Inside of some of these large pond amebe you will often find the 
green protococeus-cells, little diatoms, desmids, and all kinds of cells 
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that are smaller than the amecba itself (Fig. 24). These it feeds upon, 
and, if you have patience to look long enough, you can see how it 
eats. It has no month ia particular—the feet seem to taste of what- 
ever comes in their way, and, if they like it, they grasp it, and poke 
it in anywhere into the middle of the jelly or protoplasm (lig. 25), 


‘\o---—=- Mould or protococcnus-cell. 
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Heart, -- 
owen Kernel. 
Fig. 24.—Ponp AMCEBA DIGESTING ITS Foon. Fic. 25.—AM@BA EATING. 


Here it is digested, and all parts that cannot be used are pushed 
out again, All that the ameba has to do is to swallow the mass, 
suck ont all the meat, and throw the rest away. There is one thing 
you must remember about the ameeba; it must have its food or pro- 
tein ready made. It has no power like the yeast or protococeus cell 
to make it for itself. So these little jelly-lmmps we find in the blood 
and the ponds must be animals. You remember, I told you all vege- 
tables make protein, while all animals eat it up. This little amaba 
animal gets its full share. He is a perfect little gourmand, taking in 
every thing that comes in his way. The human ameebe are more fas- 
tidious in their taste. They do not swallow their food whole like the 
wild amebe. But those that are found in the blood of the newt or 
frog are regular little cannibals, and eat up their “colored brethren ” 
whenever they get the chance. 

Then, too, the feet or pseudopodia of the savage tribe are thicker 
and shorter than fect of the civilized kind. You see the toes of your 
ameceba are quite dainty and tapering, like a lady’s fingers. It is very 
curious to watch how a pseudopodinm is made, especially of the pond 
ameba. First there is a little swelling or lifting up of the glassy 


Fig, 26.—Witp AUcBA. Fig. 27.—Human Auepa. Fig. 28.-AM@BA MABING A Foor. 


rim or outer flesh (Fig. 28). As this swelling gets larger, some of the 
inner flesh flows into it, carrying the little grains, till the swelling is 
all filled up (Fig. 29). 

Then the walking is so funny! The feet do not act as the feet of 


other animals, carrying the body above them. First, one stumpy foot 


350 THE POPULAR SCIENCE MONTHLY. 


is put ont as far as it can reach, then the body all runs into the foot, 
and another foot is stuck ont from some other part, and away goes the 
body into this new foot. So it gets on, the feet actually swallowing 


Fig. 20.—GnralnNs FLOWING Fic. 30.—TRYING TO WALK. Fig. 3).—STaIneD 
Into Foor. WITH MAGENTA. 


the body! The toad sometimes swallows its old skin, but the amaba 
is the only animal I know which is “taken in” by its feet! Wow odd 
it would be, if, as you walk along, you should suddenly disappear into 
your boots! If you crush the am@ba, you find no trace of a tough 
suc such as you found in the yeast and protococcus cells. You can see 
nothing but the kernel or nucleus, and even that soon disappears. If 
you stain with magenta or iodine, the whole cell becoms colored alike. 
If there were a tough, woody sac, as in the yeast and mould, it would 
not be stained, The iodine does not give it a blue color, so there 
caumot be any starch in the amebe. The ameebe grow like the green- 
mould cells, by fission, that is, by one or two partitions made through 
the old cells. You will first see two kernels appear in one of the old 
cells; then, by close watching, you see a partition going right down 
between the kernels, separating the old cell into two, with a kernel or 
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nucleus in each. Each new cell follows in the footsteps of its ances- 
tors, crawling, cating, and growing, in the same way. And now I 
hope you haye learned enough about this curious @mebe family to 
put your wits to work and give us, some day, a full history of them, 
and tell us of what use they are, and what they mean by all their 
motions. 


Boys, and girls too, sometimes, love to wade in ditches and ponds 
in warm weather, When you are thus wading, some time, if you will 
take up a piece of the duck-weed that grows on the surface of the 
water, you may see a number of slender green, brown, or orange-col- 


BIOLOGY FOR YOUNG BEGINNERS. i 


wn 


3 
ored bodies, about a half-inch long, hanging down from the weed. 
If you shake or touch them the least bit, they get sulky and shrink 


Tlydra hanging from the weed. 


Duck-weed. 


Hydra shrunken against the weed. 
Fig. 33. 


all up against the stem, looking like little pouting lumps of jelly. 
Place your bits of weed in a glass of water, and set the glass in the 


Feelers. 


Mouth. ------.-.. 


Fig. 34—Iypra FIsuIne For Foop witn Irs FEELERS on TENTACLES. 


light, but not in the sun, and in a few hours you will find a good 
many of these little creatures clinging to the side of the glass toward 
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the window. They hold on to the glass by one end, and all around 
the other end, which is wider, are a number of long threads called 
tentacles, hanging down gracefully in the water. At first you might 
think them whiskers, as they grow out around the mouth, but tentacle 
means a feeler or holder, and with its tentacles you will see how our 
little friend feels and holds its food, and carries it to his mouth, almost 
as yon use you fingers. These little animals are called hydrm, because 
if you cut them up each piece will grow again, as did the heads of the 
old Greek monster. If you look at your hydra under the microscope, 
you will find all these parts: first, there is the part by which it holds 
on; it is round and hollow, something like the bottom of a fly’s foot, 
and it changes its size whenever the body of the hydra changes its 
form, When the hydra is stretehed ont full length, the foot is smaller 
than the body; but, when the hydra shrinks up against the glass, it 


Month 


Tentacle. 


Fic. 35.—GREEN HYDRA. 


seems to be all foot. When the body is stretched out, it is round and 
hollow like a pipe-stem, or more like a very slender funnel, and the 
opening at the large end surrounded by tentacles or feelers is the 
month. 

The hydra’s feelers are not all the same length; some of them are 
prettily colored, and all are filled with wavy knobs or knuckles along 
the sides (Fig. 35), The bag or body of the hydra is made of two 
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eoats. The onter coat is the ectoderm or “outer skin,” the other is 
the endoderm or “inner skin” (Fig. 36). The eells in the outer skin 
of the green hydra contain those green grains or chlorophyll which 
give the green color, It is curious to see that the hydra makes its 
fingers, or tentacles, somewhat as the ameba makes its feet, or pseu- 
dopodiz (Fig. 36). It pushes ont its two coats in the same way, but it 
never allows its fingers to swallow it as the amceba is swallowed by 


Endoderm. 
Ectoderm. 


Fig. 36.—HypRa PUSHING OUT ITS FINGERS. 
its feet. When it is disturbed or frightened, it seems to swallow its 
fingers, or rather puts them all into its month, Hike a sulky child, It 
is a good deal higher up in the world than the ameeha, for yon remem- 
ber that had to eat with its feet. Then, too, the hydra has a more 
aristocratic walk than the am@ba, You ean see it plant its foot firmly 


against the glass, then proudly bow its back and draw the rest of its 
body up to the foot, in the form of a loop, like the “looping ecater- 


pillar” (Fig. 37). 
{\ see - Hooke. 
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Fic. 37.—Looring Vig. 38.—Toaneap-CEz, Vie. 50.—TRREAD-CLLL. 
CATERPILLAR. 


To be sure, it goes backward, but it isa great improvement on the 
walk of the amoeba. It is also an excellent swimmer. You may often 
see it lift up its foot and dash into the water in seareh of food, It is 
one of the funniest things in the world to see the hydra catch its prey. 
Tremember in my old geography a picture of Indians catching wild- 
horses with /assos. The lasso is a long rope with a loop at the end, 
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which the Indian skillfully throws over the horse’s head as he chases it 
over the prairies. So the hydra throws out his long, rope-like fingers, 
and lassoes the little animals that swim nearit. Sometimes it gets hold 
of animals so strong that they may tear the fingers or tentaeles, and 
get away again. But the hydra will not be outdone in this way. He 
has another weapon at hand. Some of the cells in the outer skin are 
oval, or egg-shaped, and if you look through the cell-walls you sce 
inside what appears to be a long, coiled thread, with two hooks at the 
bottom (Figs. 38 and 39). These egg-shaped eells are called “ thread- 
cells,” and the hydra has many thousands of them in his feelers or 
tentacles. This thread or spring darts out of its shell whenever the 
hydra needs it, and sticks itself into the body of the prey like a sharp 
harpoon (Figs. 40 and 41). 


Si 
Fig, 40.—THREAD-CELL, WITH ITs Fig. 41.—THREAD-CELL, WITH THE SPRING 
THREAD UNCOILED. TURNED OUT LIKE A DARPOON. 


If you examine this harpoon closely, you will find that it is only 
a part of the cell poked in like the finger of a glove turned inward ; 
and when the fingers, or tentacles, seize an animal, these glove-finger 
cells that cover the tentacles all dart out. Some of them seem to con- 
tain a poisonous juice which stupefies or kills the prey in an instant. 
There is an animal in the sea ealled the Portuguese man-of-war, 
which is really a dangerous creature, it has so many of these sharp 
harpoons. When the prey is stunned or dead, the fingers carry it 
to the mouth, and it passes down into the long tube or body of the 
hydra, where it is digested, as though it were in a regular stomach, 
Along the outside of this fannel-shaped body you may often see little 
buds, which grow and give off other buds, till the old hydra looks like 
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a branching tree. These buds, no doubt, make you think of something 
you have seen before—the yeast-babics-—yes, these are the buby- 
hydre, Soon their fingers begin to grow; then they loosen them- 


selves from the old mother hydra, and begin to “ fish for themselves,” 
The next time you go wading, you must try and capture some of these 
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Feelers, or tentacles. ----.\.------ 


wonderful little creatures, and see if you can find all that I have de- 
scribed without my help. You are now, I trust, opening your eyes 
to the great world of living things all around you, in which you have 
lived and played, as I lived and played—dlindfolded. And, when 
once your eyes are really open, wide, there is no telling what wonders 
they may behold. 


o.oo 


SKETCH OF DR. JEFFRIES WYMAN. 


By BURT G. WILDER, 


PROFESSOR OF ZOOLOGY IN CORNELL UNIVERSITY, 


ITHIN a year, science has lost two of her greatest leaders, Louis 
Agassiz and Jeffries Wyman, With the life, the works, and 
the appearance of the one, all are familiar. But the other was hardly 
known outside of strictly scientific circles. He rarcly gave popular 
lectures, and never wrote any thing that attracted general attention. 
Yet his influence upon the progress of science in this country has been 
very great, and he had for years been regarded by all as the highest 
anatomical authority in America, and the compeer of Owen, Tuxley, 
and Gegenbauer, in the Old World, 


JEFFRIES WYMAN was born at Chelmsford, near Lowell, Massachu- 
setts, Angust 11, 1814. His father was a physician, as is his surviv- 
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ing brother, He was prepared for college at Phillips (Exeter) Acad- 
emy, entered Harvard University in 1829, and was there graduated. 
During his last year in college he had an attack of pueumonia, which 
nearly proved fatal ; this doubtless predisposed him to the pulmonary 
weakness from whieh he suffered during the latter part of his life, and 
from which he died on the 4th of September, 1874, at Bethlehem, New 
Tampshire. 

Soon after his graduation he entered the Harvard Medical School, 
and, in 1836, beeame “ house medical student” in the Massachusetts 
General ILospital. 

In 1837 he received the degree of M.D. His graduation thesis 
was upon the eye, and accompanied by drawings. It does not appear 
to haye been published, but, in September of the same year, the os- 
ton Medical and Surgical Journal contained a paper by him upon the 
“ Tndistinetness of Images formed by Oblique Rays of Light.” Soon 
afterward he became Demonstrator of Anatomy in the Medical School 
under Prof. J. C. Warren, whose chair he was destined afterward 
to fill. 

In 1839 he aecepted the euratorship of the newly-founded Lowell 
Institute. Two years later he delivered therein his first course of 
public leetures (of which no report has come under our notice), and 
with the money so earned went abroad for a year to pursue his medi- 
eal and scientifie studies under the great European masters, Tle had 
already, sinee 1838, published, in the clmerican Journal of Science, 
several brief papers upon anatomical and physiological matters, 

In 1843 there were published, in the Journal of the Boston Society 
of Natural History, anatomical descriptions of two gasteropod mol- 
lusks (Tebennophorus Carolinensis and Glandina truncata). Like- 
wise a paper on the chimpanzee (Zroglodytes niger), im which, with 
characteristic modesty, his account of its organization (though sub- 
versive of some of Owen’s previous conclusions) is subordinated to 
Dr, Savage’s remarks upon its habits and external characters. The 
same year he was appointed Professor of Anatomy in the Hampton- 
Sidney Medical College, at Richmond, Virginia, During his four years’ 
stay his contributions to science included some notes upon fossil re- 
mains of vertebrates, and longer papers upon the blind fish of the 
Mammoth Cave and the teeth of the gar-pike (Zepidosteus). The 
latter paper is illustrated by microscopic sections, showing the close 
resemblance of the gar-pike’s teeth to those of the fossil batrachian 
Labyrinthodon, The article closes with the suggestion that some of 
the separate teeth then referred by Owen to the latter genus might 
really belong to Lepidostean forms. This paper alone, though little 
known and never quoted by its author, would serve to show what 
manner of man was rising in America, 

In 1847, at the age of thirty-three, he was chosen to the Hersey 
Professorship of Anatomy, at Cambridge. The year of his inaugura- 
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tion was signalized by his aceount of the gorilla, based upon speci- 
mens forwarded to him by Dr. Savage. This was the first scientitic 
description of the new Troglodytes. 

From that time forward his scientific progress was rapid and un- 
broken. He collected, he investigated, he lectured, he wrote. Fis 
admirable course of lectures upon Comparative Physiology, before 
the Lowell Institute, in 1849 (the report of which in pamphlet form 
has long been out of print), soon caused him to be regarded as the 
foremost among American anatomists and physiologists. 

During this period, and indeed until within a few years of his death, 
Prof. Wyman published frequent brict notices of new animals, of points 
of structure and function, the value of which is in no way to be meas- 
ured by their length. Almost any one of them would have served a 
less modest man for an extended memoir, while several contain the ele- 
ments of interesting popular articles. So far from this, Prof. Wyman 
seemed to attach little personal importance to them, rarely referred to 
them, or took any pains to have them reproduced elsewhere. Many 
were, however, copied into European journals. 

Tlis first extended paper was “On the Nervous System of Rana 
pipiens” (the bull-frog). It covers fifty quarto pages, with two 
plates, was published by the Smithsonian Institution in 1853, and 
should be in the hands of every student of either human or compara- 
tive anatomy, as the clearest introduction to the most complex of ani- 
mal structures. 

Somewhat similar to the last, not quite so long, but even more re- 
plete with fact and philosophy, is the “ Observations on the Develop- 
ment of Rata batis” (a skate), published by the American Academy of 
Arts and Sciences in 1864. This was based upon few materials, but 
sufficed to convince him, and all naturalists, that the skate ranks 
higher than the shark, siuce the latter retains through life a general 
form resembling one of the stages through which the former passes 
during its development. 

Those who knew Wyman’s nature may well imagine how he shrank 
from any thing like a discussion of two great questions upon which so 
much has been written during the past fifteen years, namely, the 
“ Origin of Species” and “Spontaneous Generation.” But, aside from 
his natural desire to know and teach the most correct doctrine upon 
these subjects, his prominent position made it imperative that he 
should consider them carefully. Respecting evolution, he evidently 
felt, with Prof. Gray, that, “upon very many questions, a truly wise 
man remains long in a state of neither belief nor unbelief; but your 
intellectually short-sighted people are apt to be preternaturally clear- 
sighted, and to tind their way very quickly to one or the other side 
of every mooted question.” In 1863 he wrote as follows: “ We must 
either assume, on the one hand, that living organisms commenced 
their existence fully formed, and by processes not in accordance with 
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the usual order of Nature, as it is revealed to human minds, or, on the 
other hand, that each species became such by progressive development 
or transmutation; that, as in the individual, so in the aggregate of 
races, the simple forms were not only the precursors, but the progeni- 
tors of the complex ones, and that thus the order of Nature, as com- 
monly manifest in her works, was maintained.” 

No one can help seeing that he inclined toward belief in the gen- 
eral doctrine, but he ueither indorses “ Darwinism” nor denounces 
those who find themselves unable to accept “derivation” in any 
sense. 

Regarding the appearance of organisms de novo, he never allowed 
himself to express a final opinion. He published two papers embody- 
ing the results of numerous and accurate experiments, and, we have 
reason to know, was still continuing his observations at the time of 
his death, 

The general question to which Prof. Wyman gave most attention, 
until called from it by the Archeological Museum, was that of Organic 
Symmetry, especially as manifested in the limbs. Accepting the usual 
belief in an homology of the front and hind limbs, he associated there- 
with the idea first put forth by Oken, that the two ends of the body 
are symmetrical, or reversed repetitions of each other, as are the right 
and left sides. The application of this doctrine to the limbs makes 
the ulna the homologue of the tibia, the radius of the fibula, and the 
thumb of the (téle-toe, instead of the great-toe, as ordinarily be- 
lieved, 

So radically does this interpretation of “intermembral homologies ” 
differ from that of most anatomists, that it is not strange that its ac- 
ceptance is, at present, confined to a very few (Foltz, in France, and, 
in this country, Dana, Coues, Folsom, and the writer). But we are 
encouraged by the reflection that our leader never gave even a quali- 
fied assent to any doctrine which did not prove to be in the main 
correct. 

Upon no other single problem did he bestow so much thought. 
And, as may be inferred, it is in-his treatment of this question that 
his peculiar characteristics appear. In the adoption of new ideas he 
manifested a wise caution, which, contrasted with the haste of others 
less well informed, illustrates the maxim, “ Fools rush in where angels 
fear to tread.” We recall his freedom in discussion with his students 
and his kindness in aiding their advancement, even to his own appar- 
ent detriment; his modesty, occasioning a lack of reference to his 
own papers or to unpublished investigations; his critical acumen, 
which was the more searching and useful from its entire freedom from 
personality ; and, finally, here shine forth in their greatest brilliancy 
those rare qualities which enabled him, when occasion required, to 
overlook the delusive charms of teleology, though upheld by popular 
interest and theological authority, and to regard her plainer but more 
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reliable sister, morphology, supported by relative position and mode 
of development. 

In 1866 Prof. Wyman was named one of the seven trustees of the 
Peabody Museum of American Archeology and Ethuology, and be- 
eame curator. For this work he was peculiarly fitted, both by nature 
and by his extensive observations upon erania, and his frequent in- 
vestigations of shell-heaps, ete., during the trips to Florida, which his 
health had of late years forced him to make. Our spaee will not per- 
mit even a brief sketch of his labors in this new field; the results are 
modestly recorded in his annual reports. At present, the Museum is 
very exteusive and admirably arranged. Had Prof. Wyman been 
spared for another ten years, one can hardly predict its importance. 
Of this, and of his own anatomical eollections, the value is wholly out 
of proportion to the size or actual cost in money, for they represent 
the constant and skillful labor of a great anatomist during a quarter 
of a century. The label upon every specimen tells the truth so far as 
he knew it; and in the deseriptive catalogues are rich treasures of 
fact and thought as yet unrevealed. 

Prof, Wyman always shrank from public notice, and from posi- 
tions in which this was involved. Ie attended several meetings of 
the American Association for the Advancement of Science, aud served 
therein as president, treasurer, and seeretary. But his communications 
were few, and comparatively unimportant. He was a member of the 
American Academy of Arts and Sciences, and was named by Con- 
gress one of the original fifty members of the National Academy of 
Science, but soon resigned. In strong contrast with bis slender rela- 
tions with these organizations is his record in connection with the Bos- 
ton Society of Natural History. Tie early became an ardent member, 
served as secretary, and as eurator of several departments, and in 1856 
became president. This office he held until 1870, when he offered an 
unqualified resignation. 


Meagre as is the above account of his outer life, we shrink yet more 
from any such estimate of his abilities and his personal character as 
the present occasion will permit, Admired and trusted by his asso- 
ciates, by the younger naturalists he was absolutely adored. Ever 
ready with information, with counsel and encouragement, so far from 
assuming toward them the attitude of a superior, he on several occa- 
sions permitted his original observations to be more or less merged 
within their productions. The universal regard in which he was held 
by them is, in the writer’s ease, intensified by the sense of peculiar 
obligations, which might cloud his judgment of any ordinary man; 
but to no man more fitly than to Wyman could be addressed the lines: 


“ None knew thee but to love thee, 
Nor named thee but to praise.” 
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Nor was any criticism ever made upon him, from any quarter, other 
than upon his extraordinary freedom from personal ambition, and his 
aversion to public notice or display. 

Wyman’s anatomical work was absolutely free from zoological 
bias, and his statements were always received as gospel by both par- 
ties to a controversy. He might not tell the whole truth, for he might 
not see it at the time; but what he did tell was “nothing but the 
truth” so far as it went. The hottest partisan felt that a figure or 
desertption of Wyman’s was, so far as it went, as trustworthy as Na- 
ture herself. 

Without brillianey, Dr. Wymau combined qualities rarely found 
in the same individual, No man of our time has surpassed him in 
the love of Nature for its own sake, free from the hope of position, 
power, or profit; in keenness of vision, both physical and mental; in 
absolute integrity, with the least as well as the greatest things; in 
industry and perseverance; and in method, whether for the arrange- 
ment of collections, or the presentation of an idea. And if to these 
had been adjoined a tithe of the ambition displayed by smaller men, 
and had his health and strength been at all equal to his mental 
powers, no one can doubt that his attainments, his productions, and 
his reputation, would have been surpassed by none of his contem- 
poraries. 

Tlowever much we may, for our own sakes, rewret that such was 
not the case, we know that into his mind never entered the shadow 
of bitterness. Ilis recognition of others’ labors was full and generous ; 
his mind was upon the facts and principles of Nature, and regarded 
not the medium through which they were obtained; and if he ever 
prayed for health and strength, it was surely not for his own advance- 
ment, but because he felt within himself the desire and the ability to 
learn and to teach the truth. 


Dr. Wyman’s reputation was less wide than that of some others ; 
but it was deeply rooted. As the years roll on, and as the final esti- 
mate is made of the yalue of what has been done in this century, we 
may be sure that the name of Jeffries Wyman will stand high among 
those who have joined rare ability and nnwearied industry with a 
pure and noble life. To use his own words upon a like occasion, 
“Let us cherish his memory and profit by his example.” 
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THE CONFLICT OF RELIGION AND 
SCIENCE. 
T is a common remark that there is 
no necessary hostility between re- 
ligion and science; and this is unqnes- 
tionably true. That they will be ulti- 
mately Larmonized we eannot doubt; 
but the world is very far from having 
yet reached that blessed consummation. 
The scientist and the religionist can get 
on comfortably together as long as they 
talk in very general terms; but when 
they come to close quarters, and press 
earnestly for definitions, collision is 
pretty certain to ensue. This is partly 
dus to the one-sidedness of the parties ; 
much to still unresolved difficulties in 
the relation of the subjects; and not a 
little, it must be confessed, to that spir- 
it of pugnacity by which humanity is 
still eminently animated. It is an age 
of propagandism and prosclyting by 
tongue and pen; and the graceless mul- 
titnde, moreover, always enjoys a good 
fight. The Arehbishop of York was 
called to Edinburgh to lecture before 
the Philosophical Society, and the 
chance of pommeling some of onr 
modern so-called philosophers was too 
good to be lost. Prof. Wuxley hap- 
pened to be engaged to give a lecture 
in the same town shortly after, invited 
by a religions body, and he would have 
been more a saint than his predecessor, 
if he could have refrained from giving 
back some of the archbishop’s blows. 
In vindicating his school from the 
charge of materialism, Prof. Huxley 
felt it inenmbent upon him to inquire 
into the nature of the juices of living 
things, and thus innocently kindled the 
great war of protoplasm that has stirred 
the combative propensities of the reli- 
gious and scientific world to this day, 
And again, from the way the Pres- 
ident of the British Association has 
been lately belabored by religious and 


semi-religions people of all sorts, we 
must conclude that the temper of an- 
tagonism is far from having yet died 
out, and that there must be a good deal 
more vigorous campaigning before a 
peace will be finally conquered. 
Indeed, this conflict just now threat- 
ens to assume far larger proportions, 
and to be renewed upon a seale which 
we have been accustomed to consider 
as belonging to the distant past. The 
entire population of Europe is estimated 
at about 301,000,000, of which 185,000,- 
000 are Roman Catholies, 71,000,000, 
Protestants, broken up into numerous 
sects, and the remainder are Greek 
Catholics, Jews, and Mobammedans, 
The adherents of the Roman Catholic 
Chureh are thus more numerous, by 
69,000,000, than all sorts of religions 
people taken together, The Roman 
Church is the most extensive and pow- 
erfully organized of all modern socie- 
ties, and with a mighty prestige of his- 
toric associations and traditions, claims 
to be supreme, infallible, to act under 
a divine commission, to have for its 
head the vicegerent of God, and to ex- 
act the most implicit obedience from 
all the members of its communion, It 
had long been believed that the Roman 
Church, silently yielding to the advance 
of intelligence and the growing spirit of 
liberality in modern times, has abated 
something of its ancient and arrogant 
pretensions; but there is not a little 
reason to think that this was an erro- 
neous impression. In his ‘ Eneyclical 
Letter,” put forth by the head of the 
Church, in 1864, the pope denounces 
that ‘most pernicious and insane opin- 
ion, that liberty of conscience and of 
worship is the right of every man, and 
that this right ought, in every well- 
governed state, to be proclaimed and 
asserted by law; and that the will of 
the people, manifested by public opin- 
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ion (as it is called), or by other inecans, 
constitutes a supreme Jaw, independent 
of all divine and human rights.” It de- 
nounces “the impudence” of those who 
presume to subordinate the authority of 
the Apostolie See “conferred upon it by 
Christ our Lord, to the judgment of the 
civil authority.” In 1868, Pius IX, is- 
sued a bull convoking an Gécumenical 
Couneil to meet at Rome, December 8, 
1869, and its sessions lasted till July, 
1870. The deerees of the Vatiean 
Council, carried by 451 out ef 601 
votes, asserted the infallibility of the 
Roman pontiff, and defined the rela- 
tions of religion to science. Many opin- 
ions were solemnly condemned, and 
their holders anathematized. Among 
others: 

“Let him be anathema— 

“Who shall say that human sciences 
ought to be pursued in such a spirit of 
freedom that one may be allowed to hold 
as true their assertions, even when op- 
posed to revealed doctrine. 

‘““Who shall say that it may at any 
time come to puss, in the progress of sci- 
ence, that the doctrines set forth by the 
Church must be taken in another sense 
than that in which the Church has ever 
received avd yet receives them.’? 


The gauntlet was thus thrown down 
by this august and powerful religious 
body to seience, independent inquiry, 
and the whole spirit of modern civili- 
zation. The old conflict was revived 
with no narrowing of the issues. The 
Archbishop of Westminster, Dr. Man- 
ning, in his late inaugural address to 
the Roman Catholic Academia, referred 
to ‘the modern skepticism, free thought, 
and so-called scientifie teachings of the 
day in relation to Catholic teaching; 
and, for an illustration of the style of 
thought, he would refer them to Prof. 
Tyndall’s address the other day at the 
Belfast meeting of the British Asso- 


eiation.”? He furthermore said: “ With- 


in the last twenty-four hours it had 
been intimated to him that the Cath- 
olic world was threatened with a con- 
troversy on the whole of the decrees 
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of the Vatican Council. From this 
and other matters which had come to 
his knowledge, he could see that they 
were on the very eve of one of the 
mightiest controversies the religious 
world had ever seen. Certainly neth- 
ing like the controversy on which they 
were abont to enter had occurred dur- 
ing the last three hundred years, and 
they must be prepared. If they would 
only prepare themselves, he did not 
fear for the decrees of the Vatican 
Council, or for the Vatican itself. But 
they must have no half-hearted meas- 
utes.” The expected stroke came in 
the shape of an able pamphlet from 
Mr. Gladstone, in which he asked of 
English Catholics what they are going 
te do about the demands of the Vatican 
Council in regard to their allegiance to 
the pepe in matters of civil authority. 
The document of the English states- 
man has been extensively diffused, has 
made a profound sensation, and pre- 
eipitated vehement discussion in all 
quarters, 

But Mr. Gladstone has only touched 
the surface of the subject. He takes a 
politician’s view of the influence and 
tactics of the Church; yet this is by 
no means its most important aspect. 
With the decline of the temporal pow- 
er of Rome, spiritual control is sub- 
stituted for secular control, and the 
pressure taken off of the state is put 
upon the individual, While Mr. Glad- 
stone’s imputation that Catholics are 
lacking in loyal allegiance to govern- 
ment is resented by the representa- 
tives of the Church with indignation, 
no question is raised as to the invin- 
cible purpose of the Roman power to 
resist the advanee of free thought and 
the progress of liberal opinions, And 
this is immeasurably the most impor- 
tant aspeet of the subject. The right 
of the pepe to sit in judgment upon 
the civil power may be still asserted 
for consistency’s sake; but, his right to 
coerce the individual conscience, to re- 
press free investigation, to decide what 
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is true and what is false, on the most 
momentous questions, and to take ab- 
solute control of the work of educa- 
tion, is maintained with earnest purpose 
and unabated rigor, It was to this 
task that the Vatican Council mainly 
addressed itself. The inereasing spread 
of science was the ground of alarm, 
and against it the anathemas of the 
Council were chiefly hurled. With 
these relations of the subject Mr. Glad- 
stone has not dealt, while, to deal with 
them broadly and thoroughly, requires 
a mind with a very ditferent prepara- 
tion from his. 

The question is, first of all, an lis- 
toric onc. As the future must be de- 
termined by the tendencies ot the pres- 
ent, and as these tendencies are the 
outcome of the past, he who would 
broadly comprehend the issues ot to- 
day must turn back and study the con- 
tests and struggles of former genera- 
tions through which the present state 
of things has been reached. The Cath- 
olic prelate of England says that we 
are on tho “eve of one of the mighti- 
est controversies the religious world 
has ever seen,” but this cannot be an 
uncaused result; it is rather the natu- 
ral and necessary sequence of “one of 
the mightiest controversies” whieh has 
been agitating the world for thousands 
of years. It is a controversy in which 
the elements of obstruction and of ad- 
yancement have been in play upon an 
immense scale, which has drawn na- 
tions into its vortex, and issued in noth- 
ing less than the development of civili- 
zation itself. Nothing has been more 
wanted than a delineation of the causes, 
the course, and the consequences of 
this great struggle; and this desidera- 
tum is now supplied by the “ History of 
the Conflict between Religion and Sei- 
ence,” by Dr. John W. Draper. 

The author of this work has won a 
world-wide reputation alike asa man 
of science and an historian, both quali- 
ties being required in an eminent de- 
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Dr. Draper began his scientifie studies 
in extreme youth, and they have taken 
a wide range. Both in the field of 
physies and in that of physiology he is 
a master, and his eminent position as 
an original investigator has been long 
conceded in all civilized countries. He 
has done his share in extending the 
boundaries of knowledge, and his ac- 
quaintanee with science is therefore 
not at second-hand, but isthorongh and 
trustworthy. Being of a philosophic 
cast of mind, he was early drawn to the 
consideration of science in its bistoric 
development. THe thus passed to the 
study of history, and naturally took up 
its problems from the scientific point 
of view; that is, he read them in the 
light of an extensive familiarity with 
the laws of the natural world. Ilis 
“Vistory of the Intellectual Develop- 
ment of Europe” is a work of great 
learning and originality, which has been 
translated and republished in all the 
leading civilized countries of the world. 
That it has been highly appreciated by 
eminent men, need hardly be said. It 
was quoted, as we are all aware, by 
Prof. Tyndall, in his late address be- 
fore the British savants ; and when not 
long ago, in Berlin, the distinguished 
physiologist, Prof. Virchow, remarked 
to the present writer, “‘Give my com- 
pliments when you return to your emi- 
nent countryman Dr. Draper, and say 
to him that, when my son left home 
to pursue his studies, the only book 1 
gave him was the ‘Ilistory of the In- 
tellectual Development of Europe.’ ” 
Thus prepared, Dr. Draper has en- 
tered upon a chapter of history never 
before systematically undertaken. His- 
tory in relation to science has hitherto 
been confined almost entirely to its sub- 
ject-matter. Dr. Draper, on the other 
liand, considers the progress of science 
more in its human relations, or as con- 
nected with the interests and experi- 
ences of humanity. While others de- 
tach it from the accompanying circum- 


gree for the performance of the task. | stances, he views it as dependent upon 
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them, as implicated with human pas- 
sions and prejudices, and the intluences 
of race, faith, nationality, states of socie- 
ty, and all the forees of obstruction and 
acceleration by which the human mind 
is affected. Tho most conspicuous and 
important feature in the history of 
science he considers to be its long con- 
flict with theological authority. Reli- 
gion was first in the field, and reigned 
supreme before science appeared. It 
put forth supernatural claims to the un- 
derstanding of Nature, so that the pro- 
found ignorance of the natural world 
had a kind of religious consecration. 
To inquire was to question received 
explanations, to doubt pions beliefs, 
and was therefore impious. In its faint 
beginnings, therefore, among the pagan 
Greeks, science was denounced for the 
same reasons and in almost the same 
terms that it was recently anathema- 
tized by the Vatican Couneil. To fill in 
tho links of the long-protracted strug- 
gle that has intervened, and delineate 
the stages of the mighty controversy 
which Dr. Manning declares to be now 
impending, was the object of Dr. Dra- 
per in preparing his work. We has, 
therefore, not only supplied an obvi- 
ous want of historic literature, which 
would have been valuable at any time, 
but in the present crisis of the great 
elements, political, religions, and scien- 
tific, he has given us a text-book of the 
subject, by, which the experience of the 
past is made the basis for an intelligent 
judgment of the present. The problem 
ig undoubtedly immense—too great for 
any thing bnt proximate solution, and 
in a pioneer attempt we are not to ex- 
pect perfection; but Dr. Draper has 
done his work ably and courageously, 
and in a manner worthy of his high 
reputation and the greatness of tho 
theme. His book will be read with 
avidity by thousands in both hemi- 
spheres, who will gladly acknowledge 
their indebtedness to it for help and 
light in the present crisis of the ques- 
tions it considers. 
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NORMAL CO-EDUCATION. 


In the October MontuLy we pub- 
lished a letter of Prof. Cochran, from 
Dr. Clarke’s late work, ‘The Building 
of a Brain,” on the ettects of co-educa- 
tion in the Albany Normal Sehool. 
We have received a suggestive letter 
from a lady who was connected with 
the institution at the time, and who 
says that “the cases of illness or of 
failing health among the young ladies 
were sent to me to inquire into and 
care for;” and she adds that, ‘‘to those 
familiar with the work of the Albany 
school, at this period, no statistics 
drawn from its health-roll wonld count 
any thing whatever in this diseussion.” 
It is mentioned that, “in 1864, when 
Prof. Cochran left Albany, in a school 
of over two hundred pupils, there were 
twenty gentlemen, so that, as far as edu- 
eation is concerned, it would seem that 
some deference might have been paid 
to the greatest good of the greatest 
number,” The curriculum is, however, 
characterized as “ oppressive.” Our cor- 
respondent claims to have investigated 
the subject, and says that, while “ with 
regard to the facts there is little ques- 
tion, with regard to the causes there is 
a very important one.” Tier general 
view of the case is presented in the 
following passages from her communi- 
cation : 


“T have reached the conclusion, from 
my investigations, that no statistics drawn 
from mixed schools can prove any thing 
with regard to co-cducation or identical edu- 
cation, until the two sexes can be placed in 
those schools upon equal or similar eondi- 
tions. 

“While there are a hundred outside 
things that militate against a woman’s suc- 
cess in such a school, whieh find no parallel 
in the conditions of the male pupils, it 
health or want of power among the female 
pupils can prove nothing. In every quarter 
woman is unfairly weighted for the race ; 
but especially in our normal schools these 
conditions have reached their climax, For 
example: 

“In 1856 one of the young ladies, whose 


EDITOR’S TABLE. 


fuiling health warned her of overwork, 
came to me not more than two months be- 
fore the time when she should have gradu- 
ated. Hard asthe ease seemed, F could only 
say to her that she must leave school at 
once. Some facts of her history I obtained 
from her at that time, but the important 
points I learned later. She had no home to 
whieh she could go. She had been lett an 
orphan at an early age, with a family of 
brothers and sisters dependent upon her 
torsupport. To meet this responsibility she 
went as a teacher into our district schools. 
She undertook the hardest positions be- 
cause they gave a trifle more of pay. She 
boarded herself, and often went dinnerless 
to schoo] because the children’s bread must 
not be stinted. She went through mud and 
snow to her school, with wet feet and scanty 
clothing, purchasing no rubbers, no warm 
shawls, because she could not spare the 
money. She had soon decided that, if she 
ever lifted those she loved so well from utter 
poverty, she must fit herself for higher po- 
sitions, and to this end she began laying 
aside money that she might attend a normal 
school. 

“So the years passed on, and at last 
she had saved enough to take her through 
the two years’ course of the normal school 
at Albany. And now when her classmates 
were beginning to think of their graduating 
essays and graduating dresses, her pay-roll 
was wound up, her summons came, and she 
turned away from the reward she had sought 
so tirelessly. The autumn leaves of 1866 
fell upon the grave where she found rest 
for the first time in so many years. This is 
one of Prof. Cochran’s twenty. Another, 
the same year, was accustomed to take an 
empty dinner-basket with her to school, and 
at the hour of lunch te steal away from her 
companions, that they might not suspect 
she was too poor to buy a dinner! In my 
own experience these have been not iso- 
lated but representative cases of normal- 
school invalidism. So familiar have I be- 
come With them, that I seem to know be- 
forehand what items I shall obtain in in- 
vestigating any given case ofill-health. And 
then the ery arises, ‘ Co-education does not 
answer.’ It is true we have cases of ill- 
health among our young ladies which are 
not to be traced to these causes, but they are 
so few as hardly to deserve mention. These 
really make up the bulk of the cases with 
which we have to deal. 

‘*We have also young gentlemen whose 
health fails from overwork, but to them the 
admouition arises in the shape of weak eyes, 
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constant headaches, ete., while with women 
the more delicately-balaneced functions of 
life are set ajar. 

‘““The young man goes out to teaeh, and 
earns sixty dollars per month, while his sis- 
ter is earning thirty dollars. In half the 
cases she is the better seholar. The young 
man goes home to the farm. Je is needed 
in the field, but he is a man—of course le 
ean carn one and a half or two dollars per 
day; while with his sister they are so glad 
she has come home to help mother, but it 
never oeeurs to any one that she has earned 
any money. When both return to schoo}, 
they pay the same price for board, but with 
him it means that his bed shall be made, his 
room swept, water brought in, ete., while 
his washing arrives from the laundry all 
right every week. But she—the landlady 
says, ‘ Of course you will take care of your 
ownroom, we always expect our lady-board- 
ers to do that.’ She counts over her thirty 
dollars per mouth, and says, ‘ Well, I must 
do my own washing and ironing it my Jaud- 
lady will allow me.’ And the landlady 
grudgingly consents. Then—‘I must make 
iny own calico dresses—I eould never afford 
topay for that. To her teacher: ‘IF wish 
Tecould be exensed from singing, to-day, I 
am trying to make a dress.’ Or, ‘No, I 
cannot go fora walk, my brother has brought 
me this whole satchel full of clothes to 
mend,’ In the morning he can easily learn 
his algebra-lesson while she is arranging on 
the top of her head the steeple of’ braids 
which custom says she must wear. And so 
the parallel runs on.” 


From all which, it would seem to 
be a fuir inference that, as the world is 
at present constituted, co-education is 
beset with very formidable difficulties. 
With their inferior strength, their extra 
burdens, and their more limited pecu- 
niary means, the female students can- 
not compete with the male students, and 
in the attempt to do so they break 
down. The implication is that, in 
point of fact and practically, there are 
unequal standards of study to which 
the two sexes can respectively attain ; 
and, if these standards are to be equal- 
ized, either the masculine standard 
must be lowered, so that the male 
students will not be pressed to their 
highest capacity of accomplishment, 
or the feminine standard must be raised, 
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to the injury of female health. Our 
correspondent says that there is little 
question in regard to the facts, but 
that ‘woman is unfairly weighted for 
the race.’ Whether untairly or not, 
she certainly is so seriously weighted 
that shecannot win in rivalry with her 
less- weighted competitor. The real 
question, then, is, whether this differ- 
ence is accidental and removable, or 
whether it is radical and permanent, 
and belongs to the very constitution of 
the sexes. Upon this point we hope 
the Monrnry will soon have something 
further to say. 


“BACKING OUT” 


We are able to congratulate a num- 
ber of our newspaper friends upon the 
happy relief they have experienced 
through the alleged “backing out” of 
Prof. Tyndall from the positions taken 
in his Belfast address. In the preface 
to that address he said that he had his 
moods of feeling like other people, but 
that ‘“‘the doctrine of material athe- 
ism” did not commend itself to him in 
his hours of clearness and strongest con- 
viction. And in his recent lecture on 
the ‘“‘ Crystalline and Molecular Forces,” 
a revised copy of which we received 
from the author and have printed, he 
says that “the profession of that athe- 
ism with which I am sometimes so 
lightly charged” would be an impos- 
sible answer to the question “ whether 
there is no power, being, or thing in the 
universe whose knowledge of that of 
which I am so ignorant is greater than 
mine.” That is, in a word, Prof. Tyn- 
dall denies that he is an atheist, and 
this is called “backing ont.” “ Back- 
ing out” from what? Ilow can a man 
back out unless he has first gone in? 
When or where did Prof. Tyndall ever 
avow himself an atheist? Whether a 
man is an atheist or not, he ought to 
understand himself quite as well as his 
neighbors. “Oh! but his doctrines im- 
ply athcism! his science leads to mate- 
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rialism;’’ and so it turns out that Prof. 
Tyndall’s atheism is imputed and con- 
structive, something existing in the im- 
aginations of those who worry them- 
selves about other people’s religion. It 
is curious to note how the tactics of 
those who assume to take charge of the 
religious concerns of others have been 
quite reversed in these later times. 
Formerly the manipulators of thumb- 
screws aimed to extract from suspect- 
ed doubters the concession of religious 
belief -- to make them acknowledge 
that they were Christians; now the 
policy seems to be to fasten npon them 
the imputation of disbelief whether 
they admit it or not. ‘“ No matter what 
you say—you are an atheist, and an 
atheist you shall be!” But it is said by 
the newspaper editors, ‘Prof. Tyndall 
declared solemnly before the British 
Association that there are great poten- 
cies in matter, and that he even discerns 
in it ‘the promise and potency of every 
form of life,’ which we hold to be the 
same as abolishing Almighty God, and 
we are not going to have that done.” 
It is curious how every step of scientific 
advancement has been met in this way. 
When the question was one of the sim- 
plest physical actions in matter, that of 
the attraction of its masses for each 
other by a demonstrative mathematical 
law, there was the same intense solici- 
tude abont what was to become of the 
Deity. When Newton published the 
“Principia,” even the great Leibnitz 
sounded the alarm, and affirmed that 
the English philosopher ‘had robbed 
the Deity of some of his most excellent 
attributes, and had sapped the founda- 
tion of natural religion.” There is no 
trouble about that now. We can even 
discern how the operation of this grand 
and universal law, so far from being 
derogatory to the Infinite Power by 
which the universe is governed, must 
greatly expand and exalt our conception 
of the administration of Nature. And 
is it not barely possible that, by enlarg- 
ing and deepening our view of the po- 
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tencies of that unfathomable mystery 
we call matter, we are again heighten- 
ing our view of the action of the Divine 
Cause? Vitality is manifested in mat- 
ter, under the operation of law, just as 
truly as gravity or cohesion; order is ad- 
mitted, at any rate, asa Divine institu- 
tion. Suppose, then, we admit that life is 
a part of that order, and is ruled as 
other things around us are ruled, how 
is that going to vacate the universe of 
its Divine control? But it is not only 
not true that Prof. Tyndall, who is cer- 
tainly the best judge of what he thinks, 
has ever declared his belief in atheism, 
but it is not true that his Belfast address 
implies it; and this his most intelligent 
and candid Christian critics have again 
and again acknowledged. He has nev- 
er taken the position imputed to him 
even constructively. He has taken no 
position from which he has retreated. 
Who, then, Aas “ backed out? ’—those, 
of course, who have made the charge, 
and then withdrawn it. 
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Ovttixes oF Cosmic Pmitosopny, based on 
the Doetrine of Evolution, with Criti- 
cisms on the Positive Philosophy. By 
Joun Fisker, M. A., LL.B. In two 
volumes. Vol. I, 465 pages; Vol. IL, 
523 pages. Price $6.00. J. R. Os- 
good & Co. 


Tas long-expected work has at last 
made its appearance, and comes forth with 
such completeness that those who hare 
been impatient of its delay will be glad 
that the author has taken the time needed 
to do justice to a formidable undertaking. 
In these two solid volumes of nearly a 
thousand pages, we have an exposition of 
the most advanced phase of philosophic 
thonght, reduced to a comprehensive sys- 
tem, and presented in a style of rare feli- 
city and attractiveness. Mr. Fiske com- 
bines the accomplishments of the scholar 
with the discipline of the logical thinker, 
and a large acquaintance with the modern 
aspects of knowledge, and thus qualified he 
has taken up the teachings of such men as 


Comte, Mill, Spencer, Darwin, Bain, Wal- 
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lace, Lewes, Hamilton, Huxley, and many 
others, who have figured as leaders of 
thought in recent years, and, reéxpound- 
ing them with his own original additions, 
has given us a view so clear, comprehen- 
sive, and systematic, that its publication be- 
comes an event in the progress of philoso- 
phy. But he is far from regarding the con- 
tributions of these various philosophers as 
of equal importance. Mr. Herbert Spencer 
he considers the calossus of modern think- 
ers—the peer of Newton, and the man who 
more than any other is directing the course 
of inquiry in the present age, His system 
he adopts with but slight reserve, and re- 
marks in his preface: ‘ Without imply- 
ing that Mr. Spencer should be held re- 
sponsible for every thing that is maintained 
in the following pages, I believe that the 
system here expounded is essentially his, 
and that such supplementary illustrations 
as I have added are quite in harmony with 
the fundamental principles which he has 
laid down.” 

But, while Mr. Fiske has been predom- 
inantly influenced in his thinking by the 
views of Mr. Spencer, and has produced a 
work which will have great value to the stu- 
dents of that philosopher, as presenting his 
doctrines in new aspects, and with fresh il- 
lustrations and applications, yet it is more 
than this—it is plainly the product of a 
course of thinking and study which has 
gathered materials from other regions of in- 
quiry than those to which the English phi- 
losopher has chiefly devoted himself. We 
have here, not the work of a naturalist or 
a biologist, but rather of a literary writer, 
a student of history, philosophy, and theol- 
ogy, who, without presuming to speak with 
authority on matters of physical science, 
has still acquired an extensive familiarity 
with the methods upon which sound scien- 
tific conclusions are reached, and has de- 
rived from the various departments of nat- 
ural knowledge no inconsiderable aid in 
forming and verifying his theory of things, 
Thus, while following Mr. Spencer’s lead 
throughout the first half of the second or 
synthetic portion of the work, it is when he 
arrives at the chapters which deal with soci- 
ety (Part II., Chapters XVHI-XXII.) that 
he is evidently most at home, applying, as he 
does, the generalizations of biology to the 
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faets of human history, with a skill which 
brings out some novel results of prime sci- 
entific importanee. One of those results, 
regarding the social development of man, 
is so significant as to justify some fullness 
of explanation. 

The idea which determines the course 
of inquiry in the chapters referred to was 
first suggested by Mr. Wallace; and it is 
that, when the intelligence of an animal has 
arrived at a certaiu stage of flexibility, 
natural selection will begin to prefer mental 
to physical variations, That is to say, 
when an animal has become so intelligeut 
that he can meet some of the exigencies of 
life by varying his inteHigent contrivances 
instead of by incurring some slight physi- 
cal change, there will then be a tendency 
for the more flexible intelligences to sur- 
vive in the struggle for life; aud obviously 
so much more can be done, and so much 
better done, by securing variations in men- 
tal rather than in physical structure, that 
after a while the amount of mental change 
will become enormously great and rapid as 
compared with the amount of physical 
ehange. Hence a man may be very much 
like an ape in physical structure, while bis 
thoughts may be as much higher than the 
ape’s thoughts ‘“‘as the heavens are higher 
than the earth.” 

This is not only a very brilliant but a 
very useful suggestion. Mr. Wallace, how- 
ever, has never followed it up, but has left 
it over for Mr. Fiske, who has applied it 
with such striking effect to the specific 
problem of the genesis of man, that he 
may almost be said to have made it his 
own, Before the problem of man’s vast 
intellectual and moral superiority, Mr. Wal- 
lace retreats discomfited, even after having 
hit upon the idea which, when thoroughly 
considered, goes quite half-way toward ex- 
plaining it; and, like other discomfited in- 
quirers, past and present, he appeals to 
the supernatural for aid and comfort, when 
he was bound to go on and overcome the 
difficulties of the inquiry. Just here the 
question is taken up in the work before 
us. Having shown, in accordance with 
Darwin and Spencer, the general evidences 
for the evolution of the higher forms of 
life and intelligence from the lower forms, 
Mr. Fiske recognizes that the special ques- 
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tion of the evolution of man’s great mental 
preéminence requires a special mode of 
treatment. Some factor has come in which 
has greatly moditied the phenomena with 
which we have to deal when considering 
the development of the animal kingdom in 
general. And this factor, Mr. Fiske main- 
tains, is the existence of social combina- 
tion, by which man is most conspicuously 
different from any other animal. The gen- 
eral question of the evolution of society is, 
therefore, treated preliminary to the ques- 
tion of the origin of man. Laving ascend- 
ed, zoologically and psychologically, from 
the primitive marine vertebrate to the point 
of departure of man from the apes, the line 
is changed, and a descent is made, psycho- 
logically and historically, from the higher to 
the lower phases of human society, with the 
view of reaching, as nearly as may be, the 
same point of departure. This inquiry into 
social evolution gives a formula for human 
progress, and lands us in the same general 
theory of primitive society which has been 
so well illustrated by Maine, Lubbock, and 
McLennan. The state, in its grandest com- 
plications, having been shown to be a de- 
velopment from the primeval clan or family 
group, very much as a complex organism is 
developed from the aggregation of amceba- 
like units, the question comes up, How did 
permanent family groups arise? Here we 
come to the very marrow of the problem, for, 
having passed from a race of primates in 
which each individual lives for himself, to a 
race of primates in which the conduet of the 
individual is determined with reference to the 
needs of a permanent group of which he is 
a member, we have then passed from man- 
like ape to apelike man. Both the intellect- 
ual and the ethical supremacy of man have 
been brought about by social’conditions, of 
which this formation of permanent family 
groups was the earliest in order. How, 
then, was this great step taken? 

Mr, Fiske gives an entirely new answer 
to this question, though when once suggested 
itis so obvious that it seems as if it ought to 
have occurred spontaneously to every one 
who has thought upon this subject, A pre- 
liminary to the answer is given in the chap- 
ter on the “Evolution of Mind,” where it is 
briefly pointed out that the increase of in- 
telligence in an animal, beyond a certain 
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point, must give rise toa period of infan- 
ey, during which the career to be followed 
by the animal’s plastic intelligence is deter- 
mined by early experiences, but during 
which, also, the animal is unable to take 
care of itself. The full comprehension cf 
this point depends on the understanding of 
as much of Mr. Speneer’s psychological 
doctrine as is expounded in Mr. Fiske’s 
work, and we have not space here to do 
more than state it. It is, however, famil- 
iar to every one that, as a matter of faet, 
apart from all theory, the growth of intelli- 
gence, as we rise in the animal scale, is at- 
tended by the appearance of a period of 
early helplessness, or infancy, which is long- 
est in the highest animals, and is very long 
in the case of man. It is also a very fa- 
miliar fact that, where this period of help- 
lessness occurs, there is an aecompanying 
appearance of parental affection and ap- 
proach toward domesticity in the adult mem- 
bers of the race. These facts give the 
needed clew to the solution of the problem 
about the origiu of family groups. When 
once we have have two or three children to 
take care of, the later ones being born be- 
fore the elder ones are able to shift for 
themselves, we have the erude share of a 
primeval family group or clan, and have 
passed from animality whieh is non-social 
to animality which is social—that is, to ru- 
dimentary humanity. 

There appears to be no gap left in this 
explanation. The intelligence, according to 
Mr. Wallace’s suggestion, is acted upon 
more and more by natural selection, physi- 
cal variation’ taking a subordinate place. 
By-and-by the growth of intelligence be- 
comes so considerable as to extend beyond 
the fetal period into the early years of life. 
There results a period of helplessness 
which, when sufficiently prolonged, causes 
family associations to become permanent, 
and thus gives rise to society. And it is 
further observed that this period of help- 
lessness is also a period of plasticity; so 
that each generation need no longer strictly 
resemble preceding generations, but may 
have a slightly different twist given to it in 
youth, thus making possible a great accel- 
eration of mental progress, 

This beautiful generalization, it cannot 
be denied, throws new and important light 
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upon the obscure and difficult question of 
the intellectual and social development of 
man; and, if Mr. Fiske had done nothing 
more, it would establish his reputation as 
an original thinker in one of the highest 
departments of philosophical investigation. 
But the most interesting pait of the work 
to many readers will, no doubt, be the six 
chapters of “ Corollaries,” which discuss the 
bearings of the doctrine of Evolution upon 
religion, Those who expect to find in every 
upholder of development a materialistic 
atheist, one who—as the Matiow said of 
Dr. Biichner—not only expects to die like 
a brute, but congratulates himself that he 
is going to die like a brute, will no doubt 
be somewhat taken aback by the chapter 
on “ Matter and Spirit,” in which it is as- 
serted with emphasis that “the latest re- 
sults of seientifie inquiry, whether in the 
region of objective psycholegy, or in that 
of molecular physies, leave the gulf be- 
tween mind and matter quite as wide as it 
was judged to be in the time of Deseartes. 
Jt still remains as true as then, that, be- 
tween that of which the differential attri- 
bute is Thought and that of which the 
differential attribute is Extension, there can 
be nothing like identity or similarity.” 

A uotable point of originaiity is the 
treatment of religion as the highest psychi- 
cal phase of that life which consists in the 
adjustment of-inner to outer relations. He 
regards religion as the manifestation of 
that striving after complete harmony of 
psychical life with its requirements, stinu- 
lated by the sense of sin or moral short- 
coming, for which the analogy is furnished 
by that striving for mere physical adjust- 
ment throughout the animal world, to which 
the sense of pain is the prompter. This 
view, as Mr. Fiske maintains, detaches re- 
ligion from theology, and enables philosoph- 
ieal speculation to proceed to the utmost 
lengths without fear of detriment to that 
which men really value in religion, and for 
the sake of which they cling to the formu- 
las, often absurd or inadequate, in whieh it 
is enshrined. 

We cordially recommend this valuable 
work to all who are interested in phile- 
sophical questions; and especially to those 
who are desirous of knowing the latest cur- 
rents and drifts of speculative inquiry. 
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Report oF a Tour oF Inspection or Ev- 
ROPEAN Lrqut-Ilouse EsTaBLisHMENTS, 
MADE IN 1783. By Major Georar H. 
Ettrot, Corps of Engineers U. 8. A, 
Engineer Secretary of the Light-House 
Board, Washington: Government Print- 
ing-Office, 1874. Pp. 288. 

Tus is a very complete account of an 
inspection of the light-house systems of Eng- 
land and France, made by Major ElHot un- 
der instructions from the Light-House Board, 
and it is a work which will be of great value, 
technically, to the engineer of light-houses, 
besides being an extremely interesting re- 
cital of the principal features of the Euro- 
pean systems. Major Elliot’s facilities for 
observation seem to have been excellent, 
and it is evident that the time at his dis- 
posal was thoroughly utilized. From his 
very clear report a lucid idea of the princi- 
pal points of difference between transatlan- 
tie systems of lighting and our own is ob- 
tained ; and the book is profusely illustrated 
with woodeuts and maps, which serve to 
explain more fully the leading features of 
each system. 

A very large number of the lights on the 
North Sea and on the southwest coast of 
England, as well as several of the more im- 
portant lights of Ireland, were personally 
visited and minutely inspected, and full de- 
tails are furnished with regard to all im- 
portant points. Minute accounts are given 
of many of the newest and most approved 
devices for increasing the effective power 
of light-houses and light-ships, and the an- 
thor has not hesitated to propose such 
changes in our own light-house service as 
his experience leads him to believe most 
necessary. 

Besides devoting much attention to the 
subject of illuminating apparatus for coasts, 
Major Elliot has considered the question of 
fog and danger signals, and has personally 
seen many experiments on their relative effi- 
ciency. The American steam-siren, now in 
use on our own coasts as a fog-signal, Major 
Elliot considers the best device for the pur- 
pose; and the Trinity louse Board (in charge 
of light-houses in England) has officially sig- 
nified its concurrence in this opinion. Some 
of the changes which he thinks should be 
made are noted below, and his reasons for 
advocating these changes seem to be en- 
tirely satisfactory : 
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(«.) An increase in the illuminating pow- 
er of our lamps : 

“While the power of our light~house 
lamps is fixed (i. e., they gtve only the same 
amount of light in foggy and thick weather 
asin fair, in the long twilights of summer 
as in the darkness of winter), the English 
oil-lamps are flexible in power, and can be 
varied by the keepers to suit the varying 
conditions of the atmosphere... . The first- 
order sea-coast lights of England may be 
raised from an equivalent of 342 candles 
(their minimum) to 722 candles, while the 
maximum power of our first-order sea-coast 
light is uniformly the equivalent of only 216 
candles.” 


(4.) The adoption of mineral oil, instead 
of animal or vegetable oils : 


“Tt is more cleanly than the lard-oil con- 
sumed in our light-houses ; it is not inju- 
riously atfected by the severest cold; the 
lamps are more easily lighted, and do not 
require to be trimmed during the longest 
nights, thus making ecmmerce less depend- 
ent on the watchfulness of the keepers; 
while its cost is but little more than one- 
third of that of the latter oils.” 


(d.) The establishment of gas or electric 
lights at important points on our coast. 
Major Elliot mentions a light-house of this 
character in England which gives a con- 
densed beam of light equal to more than 
800,000 candles, while our own light-houses 
ean only give the equivalent of a little over 
200! 

(4) The adoption of a new method of ap- 
pointing and promoting light-house keepers : 


“The rules of the European light-house 
establishments in regard to the appointment 
and promotion of keepers, on whom the 
utility of light-houses and the safety of life 
and property so largely depend, are fully de- 
scribed in the report, and the facts are noted 
that for each light the number of keepers is 
smaller than in our service; that they are 
furnished with circulating libraries; that 
their pride in their profession is stimulated 
by being furnished with a handsome uni- 
form dress; that they are promoted for 
merit; that they are educated with care for 
the management of lights before they are 
intrusted with the charge of them ; that their 
lives are insured for the benefit of their fam- 
ilies, and that they are pensioned when su- 
perannuated ; none of which obtain in our 
own service.’? 
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(&.) The placing of revolving lights on 
our light-ships. Experience has shown this 
to be possible, as in Great Britain 30 out 
of 43 light-ships have revolving lights, while 
iu our own service the only lights so placed 
are constant. 

These recommendations are well worth 
the consideration they will obtatu, for the 
subject is an important one, not only to 
light-house boards, but to all those who “ go 
down to the sea in ships,” as who does not 
in these days of steam ? E, 8, I. 


History oF THE CoNFLIcT BETWEEN RE- 
LIGION aND Scrence. By Joun Wut- 
Liam Draper, M.D., LL.D, 873 pages. 
Price $1.75. D. Appleton & Co. In- 
ternational Seientifie Series, No. XII. 
Tis second American contribution to 

the “International Scientifie Series” was 
published December 4th, simultancously in 
London and in New York. Translations 
of it into the Continental languages are in 
rapid progress, and it will be shortly pub- 
lished in Paris, Leipsic, Milan, and St. Peters- 
burg, so that the views presented by the 
writer will thus promptly be laid before the 
leading minds of the civilized world—thanks 
to the progress of science, which has given 
us these vast facilities of rapid intereom- 
tounication and diffusion of knowledge, and 
created a liberal publie sentiment in all the 
leading nations by which the expression of 
advanced opinions is weleomed and appre- 
ciated. No more appropriate work could 
have been done at the present time than to 
write the history of that long and terrible 
confliet between the ageneies of intoleranee 
and of liberalization which has given tise to 
modern civilization, and triumphed in that 
large measure of free opinion which the 
present age enjoys. In writing sueh a his- 
tory, Dr. Draper has done an important 
service to his time. 

Our readers have been already apprised 
of the nature of Dr. Draper’s work, through 
the statements of the Prefaee, which ap- 
peared in the Deeember Montuiy ; and else- 
where, in the present number, we have 
spoken of its bearing upon great questions 
now extensively agitated in the public 
mind. It only remains to add that it is a 
book to which no notice or review can do 


justice, because it requires to be read as a 
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whole, like a novel with a well-sustained 
plot. It is a book crowded with varied 
information, presented in historic unity, a 
monograph illustrating and elueidating a 
single great idea. One of the incidental 
characters of the volume is the large ammount 
of interesting information it contains regard- 
ing the progress of scientific knowledge. 
Dr. Draper gives us a sueeession of vivid 
pictures of the state of actual science among 
the early Greeks and the later Romans, at 
the birth of Christianity, at the epoch of 
the “Fathers of the Church,” in the middle 
ages, at the period of the rise of modern 
knowledge, at the time of the Reformation, 
and in the present century, We know of no 
work that can compare with this volume in 
the clearness and fullness of its summary of 
man’s seientifie achievements from the birth 
of knowledge to the present time; and, al- 
though these copious facts have been gath- 
ered and digested by Dr. Draper for the 
elucidation of his main subject, they are 
nevertheless of great value and interest, in- 
dependent of the use he makes of them. 
All parties are certain to appreciate and 
enjoy this valuable portion of Dr. Draper’s 
book, 

We are constrained also to call attention 
to the admirable character of the work as 
a literary exposition, We often hear about 
the “dryness,” and “ repulsiveness,” and 
“hard technicality,” and general dullness of 
scientific writers, and the objection is often 
too well taken, but it does not apply to 
Dr. Draper. He writes with a clearness, a 
simplicity, and a warmth of feeling, that 
give pleasure to the reader, and he thus 
gains the chief object of an interesting style. 
Though a discoverer in science, and one 
who has speut a large portion of his life in 
the laboratory, and written many original 
scientifie memoirs, he is not the vietim of 
these pursuits, but has cultivated the grace- 
ful in literature and given play to imagina- 
tion, not only in his beautiful researches, 
but also in his pages, which are often models 
of forcible and impressive statement. There 
are many passages in his writings which, 
for felicity of expression and sheer elo- 
quenee, deserve to be placed among our 
gems of literature, and the reader will find 
many sueh examples in his newly-published 


voluine. We are impelled to call attention 
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to this feature of the work, because the 
current notion of the unattractivencss of 
seientifie writers is often made an excuse 
for neglecting valuable scientific books, and 
we wish to apprise those who are addicted 
to this habit that the excuse is not valid in 
the case of the present work. 


CuemcaL anxp GeoLtocicaL Essays. By 
Tnomas Srerry Ituxt, LL. D. 459 
pages. Price, $3.00, J, R. Osgood 
& Co, 

Amonxe the multitude of compilations 
and digests upon scientific subjects, which 
have been latterly put forth on both sides 
of the Atlantic, by men whose names lend 
no weight to their work, we welcome this 
substantial volume by one who has devoted 
his life to the original and independent 
study of the subjects with which it deals, 
and whose high reputation, and the honors 
he has received from learned societies both 
at home and abroad, give the best assur- 
ance of the valuable character of his la- 
bors. Dr. Hunt has done the public an ex- 
cellent service, in collecting and republish- 
ing his chief scientific memoirs. Tis vol- 
ume, indeed, was wanted, We have many 
and excellent text-books of geology and 
text-books of chemistry, but something 
like a comprehensive text-book of the rela- 
tions of these two sciences was a desidera- 
tum in our scientific literature which this 
work will go far toward supplying. For, 
although it was prepared for no such pur- 
pose, and although its papers were pro- 
duced at different times in the course of a 
life devoted to research, and of course bear 
the stamp of the author’s views, yet its 
statements of facts are to be thoroughly 
trusted, while their theoretic interpreta- 
tions are so presented as to give us the latest 
views that science has reached respecting 
them. The volume is both a representa- 
tion of the present state of knowledge upon 


chemical geology and of the growth of that | 


knowledge during the past generation. In 
no field has there been greater activity of 
mvestigation, and, while Dr. Hunt develops 
the views to which his own studies have led 
him, he gives us at the same time the opin- 
ions entertained by others, or previously 
accepted, so that the reader is well instruct- 
ed upon the subject, and is able to form an 
intelligent judgment for himself. The follow- 
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ing passage from his preface will give an idea 
of the extent of the topies considered. The 
author's “ 
to the chemistry of the air, the waters, and 
the earth, in past and present times; the 
origin of limestones, dolomites, and gyp- 
sums, of mineral waters, petroleum, and 
metalliferous deposits, the generation of 
silicated minerals, the theory of mechanical 
and chemical sediments, and the origin of 
erystalline rocks and vein-stones, including 
erupted rocks and volcanic products, cover 
nearly all the more important points in chem- 
ical geology. They have, moreover, been 
by him connected with the hypothesis of a 
cooling globe, and with certain views of ge- 
ological dynamies, making together a com- 
plete scheme of chemical and physical ge- 
ology.” Since the appearance of Bischofi’s 
treatise on chemical geology, twenty years 
ago (it was never republished in this coun- 
try, and if we are not mistaken it is now 
out of print), we have met with no book 
that so fully covers the ground as this col- 
lection of essays. It will be valuable for 
reference to the students of economical ge- 
ology, and interesting to general readers 
who care to understand any thing about the 
great agencies of Nature which have pro- 
dneed, and are still carrying on, the changes 
in the crust of the earth. It will at once 
take its place in the libraries of scientific 
men, and should be introduced for refer- 
ence into all schools where chemical and ge- 
ological science is studied. 


researches and his conclusions as 


Tue PrincipLes oF Socrotocy. By Her- 
BERT SPENCER. Tart I. Eighty pages. 
Price, 50 cents. Published quarterly. 
€2ayear. D. Appleton & Co, 

AFTER an interval of some delay, Mr. 
Spencer resumes the course of his philo- 
sophical serial, and has now entered upon 
what will generally be regarded as its most 
important part. There has been inuch im- 
patience, with many, that he has been so 
slow in reaching the practical and pressing 
problems of social science which he was ex- 
pected to handle with originality and power ; 
aud readers have complained of the pro- 
longed discussions in biology and physiolo- 
gy which seemed to have nothing more than 
a speculative importance. But we already 
begin to see that Mr. Spencer understood 
what he wag about in his thorongh elab- 
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oration of those subjects. It was like the 
Brooklyn Bridge: the two piers have to be 
sunk deep and raised high before the useful 
roadway can be placed. A seience of so- 
ciety is impossible, except npon the basis 
of a science of life and a seience of mind 
which ean furnish principles for the inter- 
pretation of social faets. Having developed 
and stated these principles, Mr. Speneer 
van now use them, and has only to refer his 
readers back to the places where they have 
been fully expounded. Because there has 
been neither a biology nor a psychology 
that was available, nor any systematic eol- 
lection of social facts as data for reasoning, 
there has hitherto been no proper science 
of sociology ; but, having secured these im- 
perative prerequisites with a fullness never 
before even attempted, Mr. Speneer enters 


° 
upon the present stage of his philosophical 


enterprise with a preparation that gives 
promise of the most valuable results. 

We published, some time ago, from ad- 
yaneed sheets, an installment of Mr. Spen- 
eer’s opening argument on what he terms 
the original external factors of social phe- 
nomena, The first forty pages of the pres- 
ent number are devoted to an enumeration 
of the soeial factors of all orders, original 
and derivative, whieh enter into the eon- 
stitution of human societies and influence 
their development. These are extrinsic, or 
those which pertain to the conditions of ex- 
ternal nature, and intrinsie, or those which 
pertain to the constitution of man, the 
social unit. The passages that we have 
already published are from the former par- 
tion of the argument, which considers the 
elimatic conditions favorable to social un- 
folding. There bas formerly been much 
said about the influence of the aspects 
and conditions of Nature in determining 
the character of social life; but, while this 
is an clement of the case of much impor- 
tance, and not to be neglected, it is still of 
minor moment as regards evolution, when 
eompared with the interna! factors which 
belong to human nature itself. In Chapter 
IV., Mr. Spencer passes to the considera- 
tion of these internal factors, and devotes 
Chapter V. to the primitive man in bis 
physical characteristics. Chapter VI. deals 
with the emotional natures of primitive 
men as affecting their social relations aud 
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possibilities of progress. We publish, in 
the present number of Tne Monrnty, a 
few passages from this chapter, which may 
serve to illustrate the indispensableness of' 
psychology to any thorough scientific treat- 
ment of the subject. 

We recommend all interested in the 
study of sovial questions to subseribe for 
this work. The terms are so moderate as 
to be hardly burdensome to any; while the 
discussion from the foremost thinker of the 
age, who has devoted his life to this great 
subject, will give the ripest results of sci- 
entific investigation upon problems which 
are becoming every day of deeper interest 
to all thoughtful perscns. 


Tue Comuon Frog. By Sr. Groner Mr1- 
vant, F.R.S. London: Macmillan & Co, 
Is74. l2mo, 158 pp. Priee $1.00, 
Tis is one of Maemillan’s “ Nature Se- 

ries,” and an excellent little book it is. The 

anthor opens with the question, ‘ What is 

a frog?” and by way of answer gives us 

not only a clear and instructive account of 

the structure, varieties, and distribution of 
that animal, but in detining its position in 
the animal world tells us a good deal about 
its near relations, and about zoology gener- 
ally. Though to many an uninteresting and 
repulsive creature, the frog is really enti- 
tled to great consideration on aceount of its 
services to science, Says Mivart: “The frog 
is the never-failing resource for the physio- 
logical experimenter. It would take long, 
indeed, to tell the sufferings of much-endur- 


ing frogs in the cause of science! What 
frogs can do without their heads? What 


their legs can do withont their bodies ? 
What their arms can do without their head 
or trunk? What is the effeet of the re- 
moval of their brains? How they ean man- 
age without their eyes and without their 
ears? What effects result from all kinds 
of loeal irritations, from chokings, from 
poisonings, from mutilations the most va- 
ricd? These are the questions again and 
again addressed to the little animal whieb, 
perhaps more than any other, deserves the 
title of the ‘Martyr of Science.” The book 
abounds with interesting facts concerning 
the habits of frogs and nearly-related forms ; 
and the whole is written with a clearness 
and simplicity of style which, without im- 
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pairing its scientific accuracy, make it easy 
for the general reader. It would have been 
improved in this respect, however, had a 
glossary been appended. A few examples 
of want of care in the use of classificatory 
terms, and occasional indications of eare- 
less proof-reading, ave blemishes that may 
be corrected in a second edition. 
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Climate of the Glacial Period.—This 
subject is discussed, in the October number 
of the Quarterly Journal of Science, by Mr. 
Thomas Belt. The cold of the glacial 
epoch, he thinks, was caused neither by 
elevation of the land in high latitudes, nor 
by the position of the earth due to the ec- 
centricity of its orbit, as suggested by Ly- 
ell, Croll, and others; but rather by great 
obliquity of the ecliptic. Ifthe axis of our 
globe be as that of Jupiter, the days and 
nights would be twelve hours each, and 
there would be no succession of seasons. 
The hot climate of the equator would be- 
come more temperate toward the poles, 
and no snow could accumulate at the sea- 
level, except, perhaps, immediately around 
the poles. 

With beginning of obliquity of the sun’s 
path, seasons of heat and cold would sue- 
ceed each other, and these would become 
respectively lengthened and intensified as 
the obliquity increased. The long winters 
of intense cold would cause great accumu- 
lation of snow, which the summer could 
not melt. A climate is made more severe 
by presence of ice and snow, as many of 
the sun’s rays of both heat and light are 
reflected, and the earth is not warmed by 
them. Thus, whatever tends to increase 
the area of snow increases the severity of 
the climate. The growth of the ice-sheet 
would cause it to extend toward the equa- 
tor, and the movement of warm currents 
might be arrested. The heat of their waters, 
before expended in melting ice in the polar 
regions, would now produce great evapora- 
tion along the margin of the ice-belts, and 
the source of rainfall be augmented. 

The great obliquity of the sun’s path, 
contended for by Mr. Belt, exists in the 
planet Venus, where the tropics overlap 
the polar circie, and a similar state of 
things here would give us the glaciers as 
they existed in the ive-age. Moreover, a 
change in its obliquity back until the sun’s 
path was over the equator, would give the 
clintate which produced tropical plants 
within the polar cirele. The fact of their 
existence demonstrates the presence there 
of a mild climate—as enormous unmelting 
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glaeiers prove a climate of intense and con- 
tinued cold. 

The cause of change in the sun’s path 
he finds in changes in the distribution of 
the matter of the earth. He cites the fact 
of the earth’s equatorial protuberance, and 
says the mass takes the form of an ellipse, 
aud is not cireular, as assunied by some 
mathematicians, and is itself a cause of 
change, altering the poles of rotation and 
the sun’s path. Moreover, much may be 
due to former upheavals and depressions 
of the earth’s crust. The increase of polar 
ice is, aceording to Mr. Belt, contempora- 
neous with inerease of obliquity of the 
sun's path, and must diminish the differ- 
ence between the earth’s equatorial and 
polar diameters, The tendency of this 
would be to diminish the obliquity of the 
sun’s path, ameliorate climate, and approxi- 
mate to a uniformity of scasons and of day 
and night. 

The coming of the cold climate, and 
consequent increase of polar ice, he thinks 
was gradual and continuous, and he finds 
no evidence in Scotland, or clsewhere, of 
interglacial periods of mild elimate. Mr. 
Belt claims that the glaciation of the north 
and south poles was simultaneous, as the 
climate north and south of the equator 
must have been nearly the same. 

This accumulation of iee at both poles 
accounts, In Mr, Belt’s opinion, for several 
phenomena usually attributed to elevation 
of land. He thinks the level of the ocean 
must have been lowered not less than 2,000 
feet to supply the ice-sheets, 

In the ice once formed upon the polar 
regions, Mr, Belt finds a dynamic agent 
adequate to important geological changes. 

Thus their weight would cause the polar 
lands to sink until the earth attains its nor- 
mal form; by their melting, and flowing 
toward the equator, the equilibrium is dis- 
turbed. But the disturbance from this 
cause is probably very small, “if? as Mr. 
Belt concludes, “ the earth’s interior be as 
cold as space, and movements oceur only 
in its upper strata.” 


An Ornithological Land-Inbber.—Toward 
the end of last December, the Challenger ex- 
pedition visited Prince Edward’s Islands, 
situated about 1,100 miles southeast of the 
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Cape of Good Hope. We find in the Times 
the following notes concerning the habits 
of the albatross, a bird which frequents 
these islands in enormous numbers: “ The 
whole of the wet, sodden, flat lands of Ma- 
rion Island, one of the group, were studded 
with albatrosses, sitting on their nests. The 
magnificent birds, most of whom were asleep, 
covered the ground in such numbers that 
they looked like a flock of sheep scattered 
over a meadow. The nests were freshly 
covered with tufts of grass and moss, and 
stood some two feet above the swampy 
ground, It was evidently the beginning 
of the breeding-season, as few eggs were 
attainable. These splendid birds, weighing 
194 pounds, and measuring 104 feet from 
tip to tip of wing, seen to such advantage 
while in their glory at sea, so evidently at 
home as they sweep gracefully through the 
air, are, on land, ‘completely at sca.’ It 
appears impossible for them to hover; so, 
on alighting at the end of a swoop, the 
momentum of the body continues after their 
fect have touched the ground, until they 
literally turn head-over-heels on to their 
backs, from which inglorious position their 
efforts to regain their equilibrium are any 
thing but graceful, While advancing to 
the nest, the neck is extended and the 
body lowered, as they waddle along, like a 


goose. To rise in the air, they are obliged 


| to run, with extended wings, for some 200 


yards, over the soaking grass, before they 
attain sufficient velocity for the air to get 
under their wings, and allow them to feel 
themselves again musters of the situation. 
Once landed, they are powerless to resist 
attack; a sharp snap of the beak is their 
only means of offense or defense. In taking 
their eggs, the readiest way is to push them 
backward with a stick forced against their 
breast, which, balanced as they were, on 
the edge of the raised nest, was easy work, 


| the drop of two feet being just sufficient to 


send them on to their backs and prevent 
them rising, until after the prize wos cap- 
tured.” 


Decomposition of F¢gs.—For some time 
before his death, Dr. Grace-Calvert was en- 
gaged, iu company with Mr. William Thom. 
son, in investigating the subject of the de. 


composition of eggs. From these researches, 


376 THE POPULAR 
as now published by Mr. Thomson in the 
Chemical News, it appears that eggs, when 
the shells are intact, can only be decom- 
posed by one, two, or all of three different 
agencies. The first of these agencies is the 
putrid cell, This may be developed in the 
egg, however effectually the shell is pro- 
teeted against spores from without, or the 
diffusion of gases; it is generated from the 
yelk. Certain gases have the effect of re- 
tarding or preventing its growth, as car- 
bonie dioxide and coal-gas, but it is pro- 
moted by oxygen. One egg, which had for 
118 days remained in an atmosphere of oxy- 
gen, was found to be decomposed entirely 
by “putrid cell ;” the yelk had expanded, 
and was thoroughly mixed up with the 
white, and the eontents emitted a putrid 
smell, The atmosphere, onee pure oxygen, 
on analysis showed only a fraction of one 
per cent. of that gas, while the amount of 
earbonie dioxide was 95 per cent. 

The sceond ageney in deeomposition is 
a vibrio, which in all eases eomes from 
without, and never exists originally in the 
egg. Whole eggs that remain dry, exposed 
to the atmosphere for any length of time, 
are never attacked by this animaleule ; but, 
if the outside of the shell beeomes moist, 
the vibrios floating in the atmosphere fall 
on it and develop in the eontents. The 
third ageney is a fungus, the Prxicilium 
glaucum, which exists suspended in the at- 
mosphere. If whole eggs are placed in a 
constant draught of air, but few will be at- 
taeked by this fungus; but, if they are left 
in a stagnant atmosphere, the floating spores 
will settle on the shell, and send their long 
fibres through it into the contents. This 
fungus cannot grow in an atmosphere of 
carbonic dioxide, but in oxygen its growth 
is most luxuriant. In some cases of decom- 
position by the penicilinm the egg was found 
to appear as if it had been perfectly coagu- 
lated by boiling. The filaments of the fun- 
gus branch about in immense numbers in all 
directions, twisting and twining into cach 
other among the contents. 


Experiments on the Living Woman 
Brain.—Some experiments, made by Dr. 
Bartholow, of Cineinnati, on the living hu- 
man brain, having drawn upon him the 
sharp censure of sundry professional jour- 
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nals, he has offered an explanation of his 
conduct in the British Mfedical Journal. 
“The person on whose brain the experi- 
ments were made was,” he writes, “ hope- 
lessly diseased with a rodent uleer, which 
had already invaded the dura mater ; life 
could not have lasted much louger in any 
case. The patient herself consented to have 
the experiment made. The experiment eon- 
sisted in applying electricity to the brain, 


; as in Ferrier's researches, and it was be- 


lieved that fine insulated needles eould be 
introduced without injury, for the following 
reasons: The brain has been successfully 
incised to discharge pus. Portions of the 
brain have been lost without fatal injury to 
the patient. Then, the faradie current was 
used, whieh has no electrolytic action. In 
the present case it was the ulcer, not the 
puneture of the needles, that caused death.” 
Dr. Bartholow coneludes his letter as fol- 
lows: “Notwithstanding my sanguine ex- 
pectations, based on the facts above stated, 
that small insulated needle-eleetrodes could 
be introduced without injury into the cere- 
bral substance, I now know that I was mis- 
taken. To repeat sueh experiments with 
the knowledge we now have, that injury 
will be done by them, would be in the high- 
est degree eriminal. I can only now ex- 
press my regret that facts which I hoped 
would further, in some slight degree, the 
progress of knowledge, were obtained at 
the expense of some injury to the patient.” 


The Strnggte for Existenee.—Mr. Buek- 
land recently fought a pitched battle in the 
Round Pond, Kensington Gardens, with the 
innumerable hosts of a crustacean parasite 
that was destroying the fishes. Javing 
learned that there was something wrong at 
the pond, Mr. Buckland went there to make 
a reconnoissance, and found, at one point, 
some little distanee from the bank, a dense 
“cloud of fish.” Having waded into the 
midst of them, he diseovered that the sup- 
ply-pipe, throngh whieh fresh water was 
admitted to the pond, was nearly choked 
up. The fish wanted fresh water, evident- 
ly. He took up with a landing-net one or 
two of those that were most sickly, and 
found them literally covered with parasites, 
Yarious means were tried for removing the 
parasites, the most expeditious way being 
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the use ofa stiff brush, with sand. Having 
thns taken out of the pond, cleaned, and 
returned again to the water, many hundred 
fish, it was discovered that the labor was 
in vain, for the parasites were so numer- 
ons that soon the fishes were infested 
again. The erustaceans plainly were hold- 
ing their own. Mr. Buckland now cleared 
away the mud in front of the pipe, so that 
the fish might have a chance of rubbing otf 
their tormentors against the bottom. He 
next conceived the idea of spreading a 
quantity of gravel about the pipe. With 
the aid of this and an abundant supply of 
tresh water at a low temperature, the fish 
were enabled to rid themselves of their 
parasites easily, and, in the cooler water, 
the latter did not find the conditions of life 
so favorable. 


A Worm that the Sparrows retase.— 
We recently noted the appearance in the 
public parks and squares of Philadelphia 
of a eaterpillar which threatened to de- 
stroy the the trees. The English sparrow 
had effectually exterminated the measuring- 
worm in those parks, but showed no dispo- 
sition to attack this new destroyer of the 
foliage. At the late meeting of the Ameri- 
ean Association, Dr. John L. Le Conte de- 
scribed this insect as the larva of the moth 
Orgyia leucostigma, It is a slender eater- 
pillar, covered with stiff yvellow-and-black 
hairs. The sparrow does not attack it, 
being deterred, probably, by the bristles, 
by which it is protected, But, fortunately, 
the nuisance can be abated without the 
aid of the sparrows. When the caterpillar 
has attained its full growth on the tree, it 
crawls to a neighboring wall or fence, and 
there, fixing its eocoon, undergoes trans- 
formation. The remedy against the annoy- 
ance is now very simple, viz., by sweeping 
the cocoons from the walls and fences with 
stiff brushes, and placing around the trees 
rings of tin-plate inclined atan angle. This 
will give the trees immunity, because the 
insects are not provided with wings for 
flight. 


A New Sorrce of Uluminating Gas.— 
An oil-bearing shale of considerable thick- 
ness, called Kimmeridge coal, or clay, un- 
derlies the whole county of Dorset, and is 
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met with in other parts of England. Vari- 
ous attempts have been made to utilize this 
deposit for the purpose of producing light 
and heat, but with little success hitherto. 
Now, however, the Rev. Henry Moule has 
sueceeded in devising a method of produ- 
cing from it a good, useful gas. The new 
gas is obtained by the destructive distilla- 
tion of the shale, the gaseous products being 
subinitted to purification before use. In 
this latter process, as also at other stages 
of the manufacture, chalk is used. The 
gas itself, though not odorless, is by no 
means so pungent nor so unpleasant as 
ordinary coal-gas. During combustion no 
odor is perceptible, and, so far as ean at 
present be ascertained, the products of 
Be- 
sides the gas, a pungent oil is produced, 
which Mr. Moule believes can be rendered 
comparatively odorless, and may with ad- 
vantage be applied to various purposes, 
The inventor also proposes to utilize the 
heat-giving properties of shale and chalk 
for heating, both by means of gas and in a 
direct manner, his plans having been ma- 
tured in this respect. 


combustion contain no noxious gases. 


Contagious Cphthalmia.—In English 
poor-houses and ‘“ pauper-schools,” con- 
tagious ophthalmia has, from the founda- 
tion of such institutions, afflicted the in- 
It is produced by unsanitary con- 
ditions of life—want of cleanliness, over- 
crowding, ill-ventilation, etc. It might be 
supposed that these establishments would 
have been greatly improved in later times, 
owing to the increased attention now be- 
stowed on publie hygiene; but the con- 
trary is the fact, as we learn from a dis- 
course by Dr. Brudenell Carter, A serious 
charge is bronght by this gentleman against 
the Poor-Law Board, viz., that during the 
last few years their unwisdom has developed 
this malady in workhonses and pauper- 
schools “in a manner to which previous 
English experience affords no parallel.” 
The Government has refused to let the 
truth be seen, but Dr. Carter has been able 
io obtain, from a private source, a copy of 
a report made to an official inspeetor by 
the medical officer of one of the schools. 
It states, among other curious matters, 
that, of 1,062 children in the school in 


mates. 
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question, only 182 had escaped ophthal- 
mia; 163 had saffered from one attack of 
the disease, 151 from two attacks, 110 
from three, 75 from four, 54 from five, 58 
from six, 22 from seven, 25 from eight, 7 
from nine, 11 from ten, and 204 from more 
than ten attacks, In a considerable pro- 
portion of these cases sight would event- 
ually be greatly impaired, and in many it 
would be wholly lost. 


Portagaese Agrienltare.—The art of 
agriculture is in a very primitive state in 
Portugal, the instruments of husbandry em- 
ployed being very little different from those 
in use during Roman times. Two kinds 
of ploughs are used, both very rude. The 
harrow, too, is of the rudest construetion, 
having 15 to 20 teeth of iron or wood, set 
quincunx fashion into a strong, oblong- 
square wooden frame, with one cross-bar. 
As a substitute for the roller, the harrow 
ean be reversed, loaded with stones, and 
drawn sledgewise over the land. The hoe 
is indispensable in Portuguese field-hus- 
bandry; ground can be prepared by it for 
seeds, or for planting, more quickly than it 
can be dug bya spade, though it is less 
completely stirred and turned over. The 
eart has two low wheels of solid wood, 
with iron tires, fixed immovably to an axle 
which revolves with them, The yoke is 
fixed to the necks of the oxen, or, in some 
localities, to the horns. 


Lightning among a Flock of Geese.—A 
singular occurrence, which took place on 
March 16th, in the northern part of Sutter 
and the southern part of Butte Counties, 
Cal., is narrated as follows in the Sniter 
Banner: “On that day, just before sunset, 
alarge thunder-cloud came up, apparently 
from the northeast, aecompanied by an un- 
usual amount of chain-lightning. First a 
small amount of hail fell, and then followed 
sufficient snow to whiten the ground. As 
the hail began to fall, and the lightning 
flashed, thousands of wild-geese, which 
were in the ponds of shallow water which 
exist in that loeality during very wet win- 
ters, suddenly rose up in a great flutter, as 
if many hunters had discharged a volley 
among them. They went up and up, ap- 
parently to rise above the fearfal elond. It 
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was nearly dark, and those who saw them 
rise thought no more of it until morning, 
when they began to find dead geese, and 
hear of hundreds being pieked up by the 
neighbors. Some 700 were found, One man 
picked up on his farin all that two horses 
eould haul. Their heads were badly torn, 
and their bills split into fragments. The 
portion of the country thus affected was 
about a mile and a half wide, and reached 
several miles into Butte County. The ter- 
rifie lightning in this cloud was witnessed 
by people on the Honcut, in Yuba County, 
and in the central portion of Sutter, The 
thunder was heard at the distance of twen- 
ty miles.” 7 

Artificial Fars,—A new method of treat- 
ing fur has been patented in England, by 
Mr. Joseph Tussaud, one of the proprietors 
of the well-known wax-work establishment 
founded by Madame Tussaud. Mr, Tussaud 
removes the hair or fur from the skin, sub- 
stituting for the latter an artificial skin. 
First, tke piece of fur to be treated is 
soaked in lime-water, for the purpose of 
luosening the hair, Then it is washed in 
water, and hung up to dry. Next, it is laid 
on a board, with the hair-side up, and a so- 
lution of glue applied, care being taken not 
to disturb the natural position of the hairs. 
The glue having dried and become hard, 
holds the hairs so firmly as to allow the 
natural skin to be pulled off. An artificial 
skin is now applied to the roots of the 
hairs, by pouring over them liquid India- 
rubber, boiled drying-oils, or other water- 
proof substances, which, on drying, will 
form a continuous membrane supporting 
the hairs. The glue is then removed by 
steeping the fur in warm water. Furs pre- 
pared in this way are moth-proof, and su- 
perior to the natural skin for many pur- 
poses, sueh as mats, rugs, ete. After the 
removal of the hair, or fur, the skins are 
still available for the manufacture of leather. 


Siamese Medicine.—A Siamese manual 
of medicine contains the following recipe for 
a poultice to cure snake-bite: “Take the 
eyes of vultures, crows, and cuts, together 
with three sorts of animal deposits found 
on trees ; mix all these together, then place 
nine wax-candles on ag many floats made of 
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plantain-stalks, each ornamented with flow- 
ers. After this, let the doctor make an 
offering of nine silver coins, nine handfuls 
of rice, nine ceri-leaves, and nine betel- 
nuts, placing a set of each on the several 
floats, in honor of che teacher of medicine. 
Then he is to launch the floats into the 
river, mould his paste composition into 

gs, gild the slugs, and apply them to the 
wound.” Another way of treating snake- 
bites is the use of enchantments for calling 
the snake which gave the wound to suck 
the poison out. “For this purpose, fill three 
bottles with proof-spirits, then let the ductor 
repeat the form of incantation, drinking one 
of the bottles of spirits up, while he en- 
chants over it. Ifthe snake does not come, 
the doctor is to drink a second bottle, pro- 
ceeding in the same way; and if, on con- 
suming the third bottle, the serpent still 
declines to appear, the patient must die. 
But, should the snake present himself, let 
the doctor take three cowries in his hand, 
and seven times rehearse a set form of in- 
cantation till he has charmed the snake to 
come to his left side. Then the poison is 
to be brushed from the wound with a hand- 
ful of meyon-leayes seven times, and the 
patient, if he can be got to eat a betel, will 
recover.” Civilized practice, it may be ob- 
served, does not stop with three bottles of 
spirits, but coutinues the drinking till the 
snakes appear ! 


slugs 


Fossil Remains of the Moa.—Accord- 
ing to the J/elbourne Argus, a number of 
bones of the mow have been discovered 
near Hamilton, New Zealand, The moa 
has never beeu seen alive since about the 
year 1650. Tradition describes it as a 
stupid, fat, indolent bird, living in forests 
and mountain-fastnesses, and feeding on 
vegetable foud. The moa seems to have 
been extirpated for the suke of its flesh, 
feathers, and bones. 
bones for making fish-hooks, and the skull 
was emploved as a receptacle for holding 
tattooing- powder. Captain Hutton, the 
provincial geologist, has lately visited the 
locality where the bones were discovered, 
and ascertained from personal observation 
that an accumulation of these bones exists, 
in a tolerable state of preservation, in a 
swamp about a mile and a half east of Hamil- 


The natives used the | 
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ton, Mixed with the moa-bones were found 
skeletons of the aptornis, a large bird, re- 
sembling a swan. There are also the bones 
of some smaller birds, and these will prove 
of peculiar value, as hitherto paleontologi- 
eal research has not offered much informa- 
tion as to the kind of small birds which 
were contemporaneous with the moa. It 
is estimated that about five or six wagon- 
loads of bones lie in the swamp at Hamilton. 


The Piteher-Piant.—In a paper read 
at the American Association, Prof. C. V. 
Riley gives the following description of the 
pitcher-plant (Sarracenia): The leaf of this 
plant is a trumpet-shaped tube, with an 
arched lid, covering more or less complete- 


| ly the mouth. The inside is furnished with 


a perfect chevaur-dte-frise of retrorse bris- 
tles, commencing suddenly about an inch 
from the base; thence decreasing in size 
until, about the middle to the mouth, they 
are so short, dense, and compact, as to 
form a decurved pubeseenee, which is per- 
feetly smooth and velvety to the touch, 
especially as the finger passes downward. 
Running up the front of the trumpet is a 
broad wing, with a hardened border, part- 
ing at the top and extending around the 
rim of the pitcher. Along this border, but 
especially for a short distance within the 
mouth, and less conspicuously within the 
lid, there exude drops of a sweetened, 
viscid fluid, which, as the leaf matures, is 
replaced by a white, papery, tasteless sedi- 
ment, or efflorescence, while at the smooth 
bottom of the pitcher is a limpid fluid, pos- 
sessing toxic qualities, The insects which 
perish in this liquid are numerous, and of 
all orders, but ants are the principal vic- 
tims. The plant, however, is omnivorous 
as regards insects, and Prof. Riley has 
found in the fluid, at the bottom of the 
pitcher, katydids, locusts, crickets, cock- 
roaches, flies, moths, and even butterflies, 
in a more or less recognizable condition. 


Effects of the Glacial Epoeh on the Dis- 
tribation of Insects—In a paper entitled 
“On Allied Species of Noctuids inhabiting 
Europe and America,” Buffalo, October, 
1874, Mr. Grote says: “For the origin of 
certain species we shall have to go back- 
ward to the Pleistocene, and consider the 
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identical species as belonging to a former 
Arctogeal fauna. The action of the steady 
increase of cold which 
gradual inauguration of the Ice period 
would have been to drive the inscets south- 
ward and mix the Aretogeal with the then 
existing ‘indigenous’ southern species. 
The summers of the middle Glacial epoch 
probably afforded no opportunity for the ex- 
istenee of Noctuids throughout the North- 
ern States. 
epoch, and with a steady increase of warmth 
(still continuing), the species would progress 
northward again. We may regard such a 
species as Fidonia fimitaria G. & R., found 


in Texas, as an outlying colony of 2. fas-_ 


colaria forced southward and retained by 
local influences, and possibly having sub- 
mitted to the modification which enables us 
at this day to separate the two forms, Dur- 


On the decline of the Glacial | 
| of pieces formed by pressing the cement 


characterized the | 


ing the Pliocene, the common ancestor of | 


the two forms may have been different from 
either. During the Pleistocene, Holocene, 
and Recent periods, we must consider such 
species as /Zudena aretica to have preserved 
their identity, while many may have per- 
ished or submitted to modifications, and 
these latter may be represented by the 
closely-allied species of the two faune. 
The Glacial epoch may then supersede the 
‘ Atlantis” of those entomologists ‘who 
looked for a geographical connection in 
former times to account for the existence 
of identical or representative species on 
the two continents.” 


The Pottery of the Mouand-Builders.— 
Prof. E. T. Cox, having examined a great 
many specimens of potteries of the aucient 


mound-builders in the Western States, has | 


never been able to find any evidence of 
their having been hardened by fire, or even 
sun-baked. The material employed is a 
mixture of viver-mud and, most generally, 
pulverized mussel-shells, united in such 
proportions as to make a cement which 
hardens in the air, or on beicg exposed to 
moisture, like the concrete of the ancient 
Romans ; hence this ancient “‘ pottery” is 
in faet a sort of artificial stone. In chemi- 
cal composition it agrees very closely with 
the concrete made of ordinary cement- 
stones. These facts lead to the conclusion 
that the art of manufacturing concrete, or 


artificial stone, did not originate solely with 
the ancient Romans, but that it was alike 
understood by the earliest inhabitants of 
America. As regards the mechanical pro- 
cesses followed by these ancient artisans, 
Prof. Cox says: “ Though it is my opinion 
that the so-called pottery of the mound- 
builders was fashioned by hand, without 
the use of a lathe, yet Iam convinced that 
the ancient pottery of Peru, and other 
South American states, was largely made 


into moulds, and these pieces were subse- 
quently united together to form the entire 
vessel. The lines of union are usualty cov- 
ered by a band, or some grotesque image. 
The numerous tubercles and other raised or- 
naments, which cover the surfaces of jugs, 
vases, ete., could only have been formed 
in this way. I do not, however, find any 
pottery of the mound-builders that would 
lead to the belief that their skill went so 
far as to enable them to mould it in parts, 
or to fashion it in any other way than by 
the bands.” 


A Primitive Fort.—One of the most re- 
markable works left by the mound-builders 
is a stone fort in Clarke County, Indiana, 
As described by Prof. E. T. Cox, this fort 
stands upon the terminal point of a high 
ridge, which is washed on its south side by 
the Ohio River, and on the north by Four- 
teen-Mile Creek. The point of the ridge is 
pear-shaped, and the fortification includes 
from eight to ten acres. The highest point 
at the stem of the pear is 280 fect above 
the Ohio, and is only 10 to 20 feet broad, 
presenting almost a perpendicular wall to 
the river. A natural wall of Niagara lime- 
stone furnishes complete protection against 
the approach of an enemy at the upper part 
of the fort, with the exception of a short 
gap on the creek-side, extending from the 
upper point southward for about 100 paces. 
This break in the natural wall is protected 
by an artificial wall 75 feet in height, made 
by laying up loose stone, mason - fashion, 
but without mortar. The base, for 65 feet 
in height, follows the slope of the bill-side, 
and then rises 10 feet vertically. Around 
the southern terminus of the point there is 
an artificial stone-wall 10 feet high, which 
connects the two natural walls of Niagara 


MISCELLANY. 


limestone, thus forming a complete barrier 
against attack. Inside the wall of masonry 
are numerous mounds of earth, and within 
the line of these mounds is a ditch 4 feet 
deep and 20 feet wide. 


A Cheap Substitute for Bellssx—Mr. J. A. 
Judson, C, E., writes us fiom Dutch Island, 
near Newport, that for several years past 
he has used a steel bar in place of a bell, 
with very satisfactory results, Ie eaused a 
bar of steel about one inch and a half in 
diameter to be forged into an equilateral 
triangle of about three fvet on a side, with- 
out uniting the two ends, thus forming an in- 
strument similar in all respeets except size 
to the rude musical appliauce ealled the “ tri- 
angle,” used by negro minstrels and some- 
times in brass bands. This is suspended from 
one of its angles by a rope attached to a sim- 
ple wooden frame, and is struek by hand with 
an ordinary steel-faced blacksmith’s ham- 
A cord attached to the triangle and 
held in the left hand of the ringer prevents 
its whirling about when struck. If neees- 
sary, it may be permanently lashed, with- 
out materially interfering with the vibra- 
tions, and could then be rung by some 
stationary mechanical device. “I may have 
been fortunate,” says Mr. Judson, ‘in find. 
ing an especially suitable bar of steel for 
the purpose, for it is certainly sonorous 
and powerful, answering all the purposes 
of au ordinary factory-bell, at merely the 
cost of so many pounds of steel, and a 
few hours of skilled labor.” 


mer. 


Heat as a Disinfectant.—In the course 
of some experiments, made with a view to 
ascertain how far heat may be employed as 
a means of disinfecting articles of cloth- 
ing, Dr. Ransom, of Nottingham, found that 
white wool, cotton, linen, silk and paper, 
may be heated to 250° Fahr. for three hours 
without apparent injury, although the wool 
shows a faint change of color, especially 
when new. The same may be said of dyed 
wools and printed cottons, and most dyed 
silks; but one kind of dyed silk easily 
turns brown by this heat, and pink silks 
of some kinds are also faded by it. The 
same temperature will, if continued for a 
longer period, slightly change the color of 


white wool, cotton, silk, paper, and un. — 
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bleached linen, but will not otherwise injure 
them. <A heat of 295°, continued about 
three hours, more decidedly singes white 
wool, and less so unbleached and white 
cotton and white silk, white paper, and 
linen both unbleached and white, but does 
not materially injure their appearance. The 
same heat, continued for about five hours, 
singes and injures the appearance of white 
wool and cotton, unbleached linen, white 
silk and paper, some colored fabrics of 
wool, or mixed wool and cotton, or mixed 
wool and silk. It is noteworthy that the 
singeing of any fabric depends not alone on 
the heat used, but also on the time during 
which it is exposed. In the experiment, the 
heat was obtained by burning gas with 
smokeless flame, and conducting the prod- 
ucts of combustion, mixed with the heated 
air, by means of a short horizontal flue, 
into a cubical chamber through an aperture 
in its floor, and out of it by a smaller aper- 
ture in its roof. Fixed thermometers showed 
the temperature of the entering and outgo- 
ing currents, which represented the maxi- 
mum and minimum temperatures of the 
chamber, A self-actiug mercurial regula- 
tor maintained the temperature of the en- 
tering current at any required degree. 


The Science of Edneation.—One of the 
| most important papers read in the Section 
of Economie Science of the British Asxo- 
ciation was that by Mrs, Grey on the “ Sei- 
ence of Education.” The author complained 
that in Britain there is no adequate or gen- 
eral conception of what education is, and 
therefore of the magnitude and complexity 
of the facets on which a science of eduea- 
tion, which ean never be an exact, but only 
amixed and applied science, must be based. 
We start with a confusion of terms, using 
education as synonymous with iustruction ; 
and the confusion of thought indicated by 
this misnomer runs through our whole treat- 
ment of the subject, theoretical and prac- 
tical, and is shown iu every discussion of 
;the subject. Jt is surely time that this 
confusion should be replaced by a scien- 
tifie ccnception of the process which should 
result in the most valuable of all products— 
human beings developed to the full extent 
of their natural capacity. What is wanted 
is, that teachers, like practical navigators, 


382 


should be furnished with the principles of 
a science they have not had to diseover for 
themselves, and with charts to guide their 
general course, leaving to their individual 
acumen the adaptations and modifications 
required by special circumstauces. We 
have such knowledge to guide us in im- 
proving our breeds of cattle and our crops: 
must we remain without it in the infinitely 
more important business of improving our 
human crop, of getting out of our human 
soil all that it can be made to yield for so- 
cial and individual good? Must every tyro 
still be allowed to try experiments, not iz 
corpore vili, but on the most delicate and 
precious of matcrials—the human body and 
mind, on the most powerful of all forees— 
human passions and the human will; ex- 
periments in which success or failure means 
virtue or vice, happiness or misery, lives 
worthy or unworthy, sowing with every ac- 
tion a seed of good or ill, to reproduce itself 
in an endless series beyon:] all human ken ? 


NOTES. 


Drrine the summer, the division of the 
geological and geographical survey of the 
Territories under the charge of Prof. Powell 
explored Northeastern, Middle, and South- 
eastern Utah. In addition to the geograph- 
ical and geological work, the expedition has 
collected, according to the Zribune, many 
interesting facts in ethnography. Prof. 
Powell has found several new ruins of an- 
cient towns in the Colorado Valley, and has 
collected some specimens of ancient pict- 
ure-writings, and many stone implements, 
Prof. Powell, we are told, is now prepared 
to indicate in his map the position of many 
scores of these ancient towns or hamlets 
now found ia ruins in the valleys on cach 
side of the Colorado. 


Pror, THEODORE GiLL, of the Smithsoni- 
an Institution, and Dr, Elliott Coues,U. 8. A., 
are engaged upon a systematic revision of 
the mammals of North America. The sci- 
entific competence of the authors, as well 
as their rare opportunities for the inspec- 
tion of specimens in practically unlimited 
numbers, is an ample guarantee for the thor- 
oughness of the promised treatise. 


Dr. Lyon Piayrair, at the recent meet- 
ing of the British Social Science Associa- 
tion, quoted Michelet’s statement that, for 
1,000 years, no one iu Europe used the bath, 
and urged that it was no wonder that the 
epidemics of the middle ages eut off one- 
fourth of the population—no wonder that 
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there were a spotted plague, black death, 
sweating sickness, dancing mania, mewing 
mania, biting mania, and other terrible epi- 
demics. 


Is Sonoma County, California, aceording 
to the report of the Department of Agri- 
culture, the farmers soak their seed-wheat 
from eight to twelve hours in a solution of 
sulphate of copper, in the proportion of six 
ounces of the salt to 100 pounds of wheat. 
In this way the “smut,” which is a fungoid 
growth, is killed, and prevented from spread- 
ing from diseased to sound grains. 


Tue council of a new college, recently 
opened in London for the medical education 
of women, includes the names of the follow- 
ing eminent physicians and physiologists, 
many of whom are also lecturers in the in- 
stitution: Charlton Bastian, King, Cham- 
bers, Ilusley, Hughlings-Jackson, W. L. 
Playfair, and Burdon-Sanderson. 


AxotT forty years ago the Government 
of France made a costly attempt to intro- 
duce the culture of the tea-plant into that 
country. Three thousand shrubs were im- 
ported and planted in various regions of 
France. Next vear the disaster was com- 
plete. It is now known that the tea-plant 
does not give a crop unless with an aver- 
age temperature reaching 61° Fahr., and a 
considerable atmospheric moisture in sum- 
mer. The English Government have not 
been similarly deceived. Introduced on 
the slopes of the Himalayas at a height cal- 
culated for the suitable heat and moisture, 
tea now ranks among the sources of wealth 
of British India. With like success the 
cinchona is now cultivated in Asia; but 
hotanists and meteorologists were first dis- 
patched to the Andes to determine the con- 
ditions of its native growth. 


De CanpOoLLe proposes a physiological 
classification of plants based on their rela- 
tions to heat and moisture. He makes six 
divisions, viz.: megatherms, which need 
much heat and moisture; xerophiles, re- 
quiring dry heat; mesotherms, moderate 
heat; microtherms, natives of temperate 
climates ; hekisotherms, natives of high lat- 
itudes; finally megistotherms, an excep- 
tional group which require a mean annual 
temperature of over 3u° C, (86° Fahr.). 


A Frencu botanist, Cosson, holds that 
lichens require a very pure air for their de- 
velopment; in fact, he thinks they afford a 
very delicate natural test of the purity of 
the atmosphere. 


Tue Smithsonian Institution is soon to 
publish a memoir by Prof. Sinon Neweomb, 
of the United States Naval Observatory, on 
“The General Integrals of Planetary Mo- 
tion.” 


NOTES, 


Tar French Government offers a prize 
of 300,000 franes for the diseovery of an 
effieacious and eeonomieal means of de- 
stroying the phyllozera or of preventing its 
ravages. A commission, nominated by” the 
Minister of Agrtculture and Commerce, will 
determine the condition of compensation 
and the award of the prize. 


Pror. Marsa is on his way back from 
his extraordinary expedition to the Man- 
vaises Terres of Colorado. A Tribune tele- 
gram, dated Fort Laramie, November 29th, 
says that the fossil-beds explored by the ex- 
pedition are of the Miocene age, and rieh 
beyond expectation. Nearly two tons of 
fossil-bones were collected, all belonging to 
tropical animals, some as large as elephants, 
others allied to the eamel, rhinoceros, and 
horse. 


Pror. Kani Koc has shown eoneln- 
sively that China, and not Babylonia, is the 
home of the weeping-willow (Saliz Babylo- 
nica). Te deseribes, under the name Sulix 
elegantissiina, a new species of willow from 
Japan whose branches are even more mark- 
edly pendulous than those of the Selix 
Babylonica, One great advantage of this 
willow is, that it is not injured by insects. 


Ix Moutgomery, Alabama, aeeording to 
a Lribune correspondent, the negroes torm 
69 per eent. of the population, yet of the 
63 deaths in September, 53 were from the 
black population—in other words, 69 per 
cent. of the population furnishes 84 per 
cent. of the deaths. In October, the blacks 
furnished 73 per cent. 


Pror, Mayer, of Stevens Institute, has 
invented an instrument for measuring the 
minutest possible variations of atmospherie 
pressure, A hollow metallie vessel, with 
unyielding walls, containing air, has adapted 
to it an open glass tube. In this tube is a 
short liquid column, The glass tube is in 
an horizontal position. The vessel is sur- 
rounded with melting iee, which keeps the 
air inside at a constant temperature, Tn 
this condition the liquid in the tube re- 
mains stationary if the atmospheric press- 
ure outside remains constant; but any in- 
crease of pressure in the atmosphere will 
eause the liquid in the horizontal glass tube 
to move toward the vessel. The contrary 
motion takes place when the atmospheric 
pressure diminishes. These motions are 
registered continuously by photography. 


Experiments made by Prof. Mayer show 
that solid evlinders of iron elongate on be- 
ing magnetized, but eontract to a eorre- 
sponding degree in their transverse dimen- 
sion, so that their volume remains constant. 
In hollow eylinders, on the other hand, the 
interior capacity is inereased when ther are 
magnetized. 
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No Enropean grape-vine will thrive any- 
where in the United States east of the 
Rocky Mountains, Prof. Planchon has 
written the history of the many cfforts that 
have been at different times made to intro- 
duce into this eountry European vines, but 
the result has been failure in every ease. 
Immigrants from France and Switzerland 
have repeatedly made the experiment in 
Kentucky, Indiana, Pennsylvania, Texas, 
Alabama, and Ohio; but everywhere the 


phyllorera, has proved a deadly enemy. 


West of the Roeky Mountains the phuyllox- 
eva does not occur, and hence California is 
filled with European vines. 


Tue barbarous eruelties and needless 
wastefulness attending the seal-fishery, as 
now carried on, have reeeived a check from 
the Newfoundland Legislature, which has 
passed a law preventing sealing - vessels 
from leaving port before a certain date, so 
as to give the seals at least another month 
after the breeding-season, in which the 
young may increase in size and value. 
The present practice is to kill the old seals 
indiseriminately, leaving the helpless young 
to perish by thousands. It is hoped that 
the governments of other eountries will fol- 
low the example of Newfoundland. 


PrestEL, & German meteorologist, has 
observed a marked periodicity in the pres- 
enee of ozone in the atmosphere. It is at 
its minimum at the end of September, in. 
creasing steadily, and reaching its maxi- 
mum at the vernal equinox, after which it 
again diminishes. 


A WELL-AUTHENTICATED case of death 
from the sting of a hornet reeently oc- 
eurred in England. A woman was stand- 
ing in the road near her house, when a 
hornet flew out from a nest near by and 
stung her on the right side of the neek. 
She fainted almost immediately, and ex- 
pired in a few minutes. 


AA CORRESPONDENT of the Gardener's 
Chronicle records a curious instanee of the 
power possessed by the mycelium of mush- 
rooms of penetrating bodies. One side of a 
mushroom-bed was of brick, four and a 
half inehes thiek, firmly set in hard lime, so 
close in the texture that it was impossible 
to introduce the point of a nail without eon- 
siderable foree. Nevertheless the myceli- 
um found admission, and produeed mush- 
rooms of a considerable size on the other 
side. The wall, in several places, eontained 
porous brieks and these too the mycelium 
fonnd its way through. 


In former times it was the eustom for 
men of science, on making a discovery, and 
previous to publishing it in full, to put it in 
the shape of an anagram, so that in ease 
some other investigator should make the 
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same discovery later, and publish it, the 
anagram might show that the writer of it 
had the prior elaim, At present, the usual 
custom is to send the diseovery in a sealed 
packet to some academy. A correspondent 
of Nature, who signs himself ‘ West,” pub- 
lishes a scientific discovery anagrammatical- 
ly, as follows: 
A&SCD EV EIGIEDLEMEN SO8P 
RASTHOOVIWXY?, 
Now, who will be the first to find the key 
to this anagram ? 


A CHEMICAL examination of the air 
along the line of the London Underground 
Railway bas shown that, when trains are 
frequent, the air is loaded with sulphurous- 
acid gas; and the authorities are now seek- 
ing a remedy for what has long been a se- 
vious annoyance to passengers. 


THE waters of the Great Salt Lake ap- 
pear to be rising from year to year. The 
mountain-streams are steadily enlarging. 
The humidity of the atmosphere annually 
increases as the area of cultivation in the 
valleys becomes greater, and, as a conse- 
quence, the evaporation less. Tens of thon- 
sauds of acres of farming, mcadow, and 
pasture lands have been submerged along 
the eastern and western shores of the lake. 


Frank Bocsianp, having counted the 
eggs in a single sturgeon, found that they 
numbered 921 600, The ‘total weight of 
the eggs was 45 pounds. In one ounce 
there were 1,280 eggs, 


Tms being the season for Christmas- 
trees, attention is called to the fact that 
the use of red and green wax tapers is 
highly dangerous, owing to the poison- 
ous nature of the coloring - matters em- 
ployed. Analysis has shown the presence 
in grecu tapers of arsenite of eopper 
(Scheele’s green) to the extent of 0.60 per 
cent., and of sulphide of mereury (vermil- 
ion) in red tapers to the extent of 1.93 per 
cent. Yellow and blue tapers, on the con- 
trary, are pronounced harmless. 


Dr. Conporn states that eases of tape- 
worm are about twice as frequent among 
males as among females, the difference being 
explained, in his opinion, by the more can- 
tious and fastidious habits of the female 
sex, as contrasted with males, in relation to 
the ingestion of underdone meat. 


Tue disappearance of nitrogenous or 
organic matter from running water where 
exposed to the air is well known. Mr, A. 
Winter Blyth has lately shown that water 
running through closed iron pipes under- 
goes a similar process of purification, a re- 
markable difference being observed between 
the same watcr before and after it passes 
through the mains. 
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“Brvr Graver” is the name given to 
rock underlying the gold-bearing alluvinm 
of California and Nevada. Mr. E, Gold- 
smith, in a communication to the Philadel. 
phia Academy of Sciences, says that this 

“gravel” is composed of two ingredients, 
Hen differing in age, viz., of pebbles, and a 
lava by whieh 1 they are cemented together, 
Some of these pebbles appear to ‘be de- 
rived from slate rock and others from horn- 
blend rock. The lava is extremely brittle, 
In hardness it is eqnal to apatite. A few 
grains of bright-yellow gold are found in it, 
but how they came there it is not easy to 
say. Whether the gold came from the peb- 
bles, or was ejected from the voleano, it is 
impossible to decide. 


Dr. Joun L. Le Conte ealls attention to 
the dangers attending the use of Paris green 
for destroying noxious inseets. Jt may so 
poison the soil as to prevent the growth of 
all vegetation, The National Academy of 
Sciences has adopted the following resolu. 
tion on the subject: “ That a committee be 
appointed to investigate and report upon 
the subject of the use of poisons applied to 
vegetables or otherwise for the destruction 
of deleterious insects and other animals, 
and also the incautious use of poisons in 
the ornamentation of articles of food, and 
for decorative purposes generally, sueh, for 
instanec, as the coloring of paper.” 


Dr. Epwarp Suita, F.R.S., one of the 
most eminent physicians of England, died 
November 16th, aged fifty-six years. His re- 
searches on respiration and urea earned for 
him a fellowship in the Royal Society; his 
later researches were devoted to the inves- 
tigation of the subject of dietetics. Dr. 
Smith experimented upon himself mostly, 
and thus subjected himself to many severe 
physical restraints in the interest of sci- 
ence. lis published works are numerous, 
one of the latest being a volume on foods, 
in the “ Juternational Scientific Series.” 


Dr. Epwrn Lankester, a voluminous 
writer on scientifie subjects, and Fellow of 
the Royal Society, died at Margate, Eng- 
land, October 30th, aged sixty years. He 
began the study of medicine at University 
College, at the age of twenty, graduated at 
twenty-three; afterward studied botany un- 
der Lindley, and subsequently beeame lect- 
urer on materia medica and botany at the 
St. George’s School of Medieine. In 1844 
he was elected secretary of the Ray Soci- 
ety; in 1845, was made Fellow of the Royal 
Society ; and thereatter, to the end of his 
life, held successively positions of import- 
ance and trust in various scientific bodies, 
and as an officer of the state. His writings 
were chiefly on medical subjects and natu. 
ral history, botany being his favorite branch 
of study. 


FRANCIS TUBER. 


(The blind naturolist, celebrated for his Giseoveries reliting to bees.) 
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THE PERSONAL EQUATION. 


By Pror,. EDWARD 8, HOLDEN, 
OF THE UNITED STATES NAVAL OBSERVATORY, WASHINGTON, D.C, 


N an attempt to explain clearly some of the phenomena which 
have led to the consideration of what astronomers call the “ per- 
sonal equation,” it will, perhaps, be most advantageous to consider 
the subject somewhat in an historical manner, In this way we shall, 
it is true, lose something in directness, but it will assist in gaining a 
definite conception of the whole subject if we consider it in the order 
in which astronomers have beeu forced to do. 

To make the meaning of the term plain, it will be necessary to 
premise a brief account of the methods of observation with astronomi- 
cal instruments, and of some of the refinements which haye gradually 
been found necessary in these methods. 

Nearly every astronomical observation bas for an object to fix the 
relative position of two bodies at a given time, If, then, a second 
observation of a similar kind is made, these two, taken together, will 
suffice to give some idea of the apparent relative motion of one body, 
referred to the other. If, for example, the design is to determine the 
orbit of a new eomet, the mode of proceeding is, or might be, some- 
thing as follows: Some star, whose place is known (or whose place is 
subsequently determined), is chosen in the vicinity of the comet, and 
the distanee of the comet from this star is measured. This may be 
done in several ways, by a sextant, with which we can measure this 
distance directly, or, more usually, by one of the fixed instrnments of 
an observatory, with which we can determine two things: 1. The 
distance of the eomet east or west of the star; and, 2. Its distance 
north or south of it. The distance north or south is usually deter- 
mined by a direct measure of the celestial arc included between the 
respective parallels on which the star and comet are at a given time; 
while the distance cast or west is usnally measured by the interval 
of time required for the earth’s rotation to carry a body from the 
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meridian of the star to that of the comet. To make this measure, it 
is customary to fix in the focus of the telescope some uneven number 
of fine filaments of spider’s-web at (say) equal distances apart, and to 
allow the telescope to remain fixed while the diurnal rotation of the 
earth carries the body first to be observed into the field of the tele- 
scope and slowly across this. As it crosses each of the threads, the 
time at which it is exactly on the thread is noted. Now, when the 
second body enters the field of the telescope (which is supposed to 
remain fixed in its former position) the times of dfs passage over the 
yarious threads are noted. 

The mean of the times for the first body gives the time at which 
this body was on the middle thread (these being at equal intervals), 
while the mean of the times for the second body gives the correspond- 
ing time for the second body, and the difference of these two times 
gives evidently the distance which one of them is, east or west, of the 
other, expressed in time. This may be easily reduced to degrees, etc., 
by the rule that twenty-four hours is equal to 360 degrees. 

If it were possible for an astronomer to note the exact instant of 
the transit of a star over a thread, it is plain that one thread would be 
sufficient; but, as all estimations of this time are, from the very nature 
of the case, but approximations, several threads are inserted in order 
that the accidental errors of estimations may be eliminated, as far as 
possible. The method of making these estimations will be better 
understood from the two following figures,1 and 2. Fig. 1 represents 


Fic. 1.—TRANSIT-THREADS IN TELESCOPE. 


the reticle of a transit-instrument as it would be viewed by an observer, 
where twenty-five threads are placed arranged in gronps or tallies of 
five. The star may enter on the left hand in the figure, and may be 
supposed to eross each of these wires, the time of its transit over each 
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of them, or over a sufficient number, being noted. The method of 
noting this time may be best understood by referring to Fig. 2. 
Suppose that the line in the middle of the figure is one of the 
transit-threads, and that the star is passing from the right hand of the 
figure toward the left: if it is on this wire at an exact second by the 
clock (which is always near the observer, beating seconds audibly), 
this second must be written down as the time of the transit over this 
thread. As a rule, however, the transit cannot occur on the exact beat 
of the clock, but at the seventeenth second (for example) the star will 
be on the right of the wire, say at a; while, at the eighteenth second, it 
will have passed this wire and may be at 8. If the distance of @ from 
the wire is six-tenths of the distance a3, then the time of transit is to 
be recorded as — hours — minutes (to be taken from the clock-face), 
and seventeen and six-tenths seconds; and in this way the transit 
over each wire is observed. This is the method of “ eye-and-ear” ob- 
servation, the basis of such work as we have described, and it is so 
called from the part which both the eye and the ear play in the appre- 
ciation of intervals of time. The ear catches the beat of the clock, 
the eye fixes the place of the star at a; at the next beat of the clock 
the eye fixes the star at 4, and subdivides the space a into tenths, at 
the same time appreciating the ratio which the distance from the 


Fic. 2.—PassaGe or STAR ACROSS THE THREAD. 


thread to @ bears to the distance a6. This is recorded as above. 
Now, if the action of the eye and the ear and the codrdinating action 
of the brain (which must associate some spot in the field of view with 
some second) were all instantaneous in their action, the phenomenon 
of personal equation would not exist. Asa matter of fact, when the 
clock beats and the star is really at @, the mind refers it to some point 
farther on in the field as @’; and when the clock again beats, the star, 
which truly is at &,is by the mind referred to a point 0. The dis- 
tance ab is the same as a’ }’; but the distance from the thread to a is 
greater than the distance from the thread to a’. Hence, instead of 
recording the time of transit as 17°.6, an observer, whose habit is cor- 
rectly represented by the figure, might record this time as 17°4, and 
the correction + 0°.2 would be required to be applied to his times of 
transit to reduce them to the exact truth: + 0°.2 is then his absolute 
personal correction. But, in general, we have no means of determin- 
ing where a and 6, in our field of view, are, and hence the knowledge 
of the absolute personal equation has to be gained by some special de- 
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vices, to be hereafter spoken of. A little consideration will show, how- 
ever, that, although every transit observed by our astronomer is too 
early by 0%2, yet, in ordinary cases, this correction is of no account, 
provided only that it is constant. If he observes the star too early by 
0°.2, and the comet also too early by that amount, the diference in the 
times will be absolutely correct. But suppose one observer to note 
the transit of the star, and another that of the comet: each may 
have a peculiar habit, so that where one would note 0°.2 too early, 
another might note 0°.3 too early, and the difference of their absolute 
personal equations, 0°.1, it would be necessary to apply to the observa- 
tions of A to reduce them to homogeneousness with those of B. This 
difference of absolute personal equations ts relative personal equation, 
which, when once truly known, enables us to reduce the observations 
of one skillful astronomer to what they would have been had another 
made them. . 

We say “ skillful,” because it is only among skillful observers that 
the phenomenon in question is truly found, In astronomical obser- 
vations the senses are trained to a fine delicacy, and old observers 
acquire a constancy of habit which gives to their work a homo- 
geneousness that is wanting in that of younger men. 

We have given a brief account of the early method of estimating 
the time of a stars transit across a spider-line in the field of the 
telescope by the method of eye and ear, there is yet another method 
now in common use, which it is necessary to understand before we 
pass to the consideration of the means of determining personal 
equation. 

This second method is the American or chronographic method ; 
this consists, in the present practice, in the use of a sheet of paper 
wound about and fastened to an horizontal cylindrical barrel, which is 
caused to revolve by machinery once in one minute of time. <A pen 
of glass which will make a continuous Tine is allowed to rest on the 
paper, and to this pen a continous motion of translation in the direc- 
tion of the length of the cylinder is given. Now, if the pen is allowed 
to mark, it is evident that it will trace on the paper an endless 
spiral line. An electric current is caused to run through the observing 
clock, through the pen, and through a key which is held im the ob 
server's hand. 

A simple device enables the clock every second to give a slight 
lateral motion to the pen, which lasts about a thirtieth of a second. 
Thus every second is automatically marked by the clock on the chro- 
nograph-paper. The observer also has the power to make a signal 
(easily distinguished from the clock-signal by its different length), 
which is likewise permanently registered on the sheet. In this way, 
after the chronograph is in motion, the observer has merely to notice 
the instant at which the star is on the thread, and to press the key 
at that moment, At any subsequent time he must mark some hour, 
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minute, and second, taken from the clock on the sheet at its appropriate 
place, and the translation of the spaces on the sheet into times may be 
done at leisnre. This will be plainer if we examine Fig. 3, which is a 
fac-simile of a portion of 2 chronographic record. 

The marks of the clock giving regular signals of seconds are easily 
distinguished; the rattles were made by the observer to attract atten- 
tion to an observation to follow: and the signals of the observer are 
seen at the times of the transits of various stars. By applying a grad- 
uated ruler to the sheet when it is unrolled, the exact times of transit 
can be determined to within a hundredth part of a seeond, provided 
we have some hour, minute, and second marked on the sheet as an 
origin of time. 

It is quite plain that the senses of the observer are not strained to 
so great a degree in this method as in the method of eye and ear; the 
eye has but one thing to do, the ear is not occupied, and the hand has 
only to press the key at the proper time. 

In this method, we see that the origin of relative personal equation 
is again in the different times required for different observers to co- 
ordinate the position of the star in the field and the position of the 
wire. 

True personal equation, considered physiologically, must arise from 
the personal differences between observers when they note the same 
phenomenon. With the chronograph it is the habit of most observers 
to tap the observing key at the moment at which the star is actually 
on the wire. There are cases, however, where astronomers of some 
experience are accustomed to tap the key so that the sound of the tap 
shall come to the ear at the time when the star is on the wire. This 
seems an utterly wrong habit of observing, as it is really the record 
of an event which has not yet taken place which such an observer 
makes. Astronomically, the difference between such an observer and 
another observer may be treated as a case of personal equation, pro- 
vided the habit described above remains constant, which it is proba- 
bly less likely to do than the ordinary one. 

The first case of personal equation on record appears in the “ Ob- 
servations ” of the Rev. Nevil Maskelyne, Astronomer Royal tor Eng- 
land (“ Observations” for 1796, vol. iii., p. 839), We there find the 
following note: “I think it necessary to mention that my assistant, 
Mr. David Kinnebrook, who had observed the transits of the stars 
and planets very well in agreement with me all the year 1794, and for 
a great part of the present year, began from the beginning of Angust 
last to set them down half a second of time later than he should do 
according to my observations; and, in Jannary of the succeeding 
year, 1796, he increased his error to eight-tenths of a second. As he 
had unfortunately continued a considerable time in this error before 
I noticed it, and did not seem to me likely ever to get over it and 
return toa right method of observing, therefore, though with relue- 
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tance, as he was a diligent and useful assistant to me in other respects, 
I parted with him.” 

But time has its revenges, and Kinnebrook’s observations are now 
used as well as Maskelyne’s (sce “ Annales de Observatoire de Paris; 
Memoires,” iii, p. 307), and they are probably about as free from acci- 
dental errors as his. 

In 1822 Bessel examined this subject, and we find in the Kénigs- 
berg observations of that year an account of quite extended experi- 
ments on personal equation. 

Bessel, after quoting from Maskelyne’s own report (see extract 
above), considers the subject at some length. He calls attention to 
the fact that the accidental errors in an eye-and-ear observation cer- 
tainly do not exceed two-tenths of a second, and that a careful con- 
sideration of the observations of Maskelyne and his assistant shows 
that there may be an “ involuntary constant difference” between the 
estimations of various observers which far surpasses the limits of pos- 
sible accidental error. 

In 1819 Bessel made a visit to the Seeberg Observatory, where he 
observed, on two nights, transits with Vou Lindenau and Encke. 
These observations showed no personal equation between these three 
celebrated astronomers. In 1820 Dr. Walbeck and Bessel made sey- 
eral sets of observations at Kénigsberg, for the purpose of determining 
their relative personal equation, and the results of their work are 
given below: 


&. 
1820, December 16th and 17th, Walbeck later than Bessel............ 1.045 
t 17th and 19th, : Be elt Be Ng abadiatacdwsietar ae 0.985 
“e 19th and 20th, tid a we SE ete lainw, oe en desl 1.010 
“ 20th and 22d, “ woos Re ec apeushettetens 1.025 
MCAD sone sce Seas atnls ois Po tiractdeMies 1,041 


Bessel says that this great difference was evident from the second 
day, and that no pains was spared by either of them to observe care- 
fully ; and that at the end of the series each was confident that it would 
have been impossible for him to observe differently, by so mueh even 
asa tenth of a second. Here, then, was an enormous difference—one 
almost incredible. To test the reality of the phenomenon, Bessel com- 
pared with Argelander, and found that Argelander was later than he 
by 14,223, 

Bessel remarks that neither Walbeck nor Argelander had observed 
as much as he had with the transit-instrument, and he therefore used 
all opportunities for comparing his work with that of Strave, of 
Dorpat. He found that in 1814 Strnve was later than himself by 
0*.0445 in 1821, by 0.799; in 1823, by 1.021. Bessel now determined 
to arrive at some conclusion by studying this phenomenon under dif- 
ferent aspects. 

To this end Argelander aud hiniself noted the times of 78 disap- 
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pearanees or reappearances of a material objeet, and he found that 
Argelauder was later than himself by 0°222. Again, in the, obser- 
vation of the occultations of stars (an instantaneous phenomenon), 
Argelander was slower than Bessel by 0°.281. Ilere was some light: 
for it was now evident that not only had each astronomer a different 
habit of estimating time, but that this habit was only ecoustant so long 
as the same phenomenon was observed; that a personal equation for 
transit observations would not serve for observations of oceultations. 

Bessel next investigated the question whether there was any dif- 
ferenee in his own absolute personal equation in observations with 
a clock beating whole seconds, or with a chronometer beating half- 
seconds ; he found that he observed 0%494 later when the clock beat 
half-seconds than when it beat whole seconds, while Argelander and 
Struve did not change their habits in this regard. 

Bessel’s whole investigation is very complete, especially when we 
consider that it was the first published research on a subject which 
had escaped attention until his time. The principal points established 
were: 

1, A personal equation subsists in general between two observers, 

2. For limited periods of time this equation is probably constant 
between two observers for the same class of work. 

3. The absolute personal equation of any one observer varies with 
the elass of observation; i. e., from transit observations to sudden 
phenomena like occultations. 

4, The rapidity with which the star (in transit observations) tray- 
ersed the field of the telescope had no influence on Bessel’s personal 
equation. 

Bessel does not seem to have supposed that there would be any 
different personal equation for stars and for the moon. This we now 
know to have been erroneous, and we shall see that the apparent velo- 
eity with which a star moves through the field of the telescope is also 
held by some observers to have an influence on the magnitude of their 
personal equation. 

All of the preceeding results referred simply to the personal equa- 
tion between observers who were using the eye-and-ear method. As 
soon as the chronographie method of registering transits was intro- 
duced, it was seen that the personal equation became smaller. This 
is undoubtedly due to the smaller amount of work which the brain has 
to perform; the phenomena to be appreciated are, in this latter case, 
far more simple than in the former, and the effeet of this is shown in 
the amount of personal difference. 

We must now give a brief account of the ordinary methods for 
determining the amount of the relative personal equations of various 
observers, in order that we may proceed to the determination of the 
absolute equation, whieh is of great interest physiologically and psy- 
chologieally, although not of capital importanee to astronomy. As 
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we have seen, to reduce the observations of A to what they would 
have been if B had made them, it is simply neeessary to kuow how 
much later B is in the habit of observing than A, and to apply this as 
a constant correction to A’s work. 

This may be done in practice by A and B observing the same star 
in the same telescope; A over the first ten wires (see Fig. 1), and B 
over the second ten. 

A knowledge of the distances of the various wires from the middle 
wire enables us to compare A’s work with b’s, and A—B is the rela- 
tive personal equation. 

There is, however, a strong objection to this process: if personal 
equation is any thing, it is the difference between established habits ; 
and, if A observes over ten wires, and then hastily rises to allow B to 
take his place at the instrument, both A’s habits and ]3’s are broken 
in upon, and the resulting personal equation is likely to be affected by 
this fact. In general, the way adopted is to allow A to observe sev- 
eral stars leisurely, and from them to determine the error of the clock; 
B does the same, and from his observations also a clock-error is found; 
the difference of these clock-errors, reduced to the same epoch, gives 
the relative equation of A and B. 

Now if, instead of A registering his own observations ou the chrono- 
graph (for example), we could have the star register its own transit, 
then b’s observation, compared with this, would give at ouce au abso- 
lute equation. We cannot use the real star for this purpose; but sey- 
eral attempts have been made to construct an apparatus which should 
register the transit of an artificial star, which star could, at the same 
time, be observed. The principle of all of these machines is, in gen- 
eral, the same, and we will merely give a brief account of one which 
is now under trial by the Coast Survey. 

The artificial star is produced by lamp-light falling upon a small 
hole in a blackened plate; this plate is given a motion laterally, and 
the small point of light passes from one side to the other of a plate of 
ground glass, upon which lines are ruled to represent the spider-lines 
of the reticle. As the artificial star passes each wire, an electric signal 
is recorded on the chronograph, and the observer can also record his 
signal; and thus on the same chronograph-sheet many observations 
of absolute personal equation can be permanently recorded. <Any 
velocity ean be given to the star, so that it may pass through the 
field of view as slowly as the pole-star, or as rapidly as a star at the 
equator.’ 


' The chief objection to this apparatus is, that there is a constant error in its indica- 
tions; i, e., it can never be adjusted so as to give its signal at the exact moment of tran- 
sit, but it is always too soon or too late. This is sought to be climinated by allowing the 
artificial star to travel first from right to left, and then from left to right, and using the 
mean of the two determinations. It is still a question whether the observer's habit is the 
same no matter which way the star is moving. 
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An apparatus similar to this was invented and used by Wolf, of the 
Paris Observatory, and we owe to him much the fullest account of 
personal equation which we have. We cannot do better than to give 
a brief abstract of his memoir (“Mémoires de PObservatoir e de 
Paris,” tome viii., p. 153), as the results obtained by the American de- 
vice have not been made public. 

His first experiences showed him that his absolute personal equa- 
tion, when he used the chronographic method of recording, was ex- 
tremely smal] (from ¢hree to four hundredths of one second); and, 
although this was an interesting fact, yet the very smallness of this 
equation showed that it was hopeless to attempt to discover the lass 
of variation of so minute a quantity. 

These laws would be masked by the accidental errors: so that all 
the observations of M. Wolf have been by eye and ear, It should be 
stated that M. Wolf is an observer of experience. In his own experi- 
ments he proposed to himself to determine the effect on his equation— 

(a.) Of the position of the observer (sitting or standing, etc.). 

(4.) Of the magnifying power of the telescope. 

(c.) Of the direction of motion of the star (i. e., whether from right 

to left, or the reverse). 

(d.) Of the brightness of the star. 

His personal equation he found was, at first, about +0°%3; and in 
a short time this fell to +0%1; this was undoubtedly due to the fact 
that the observer felt in what direction his observations had to be 
modified, in order to bring them nearer to the truth, and that be un- 
consciously so modified them. This, however, did not continne with- 
out limit; his personal equation remained, for all the time he observed, 
at this lower limit, and this fact gave him the first clew to the physio- 
logical explanation of the phenomenon. 

M. Wolf finds that the brilliancy of the star has no sensible effect 
on personal equation, a conclusion identical with that derived by Mr. 
Dunkin, of the Royal Observatory at Greenwich (“Monthly Notices, 
Royal Astronomical Society,” vol. xxiv., p. 158). 

With regard to the influence of the direetion of motion of the arti- 
ficial star, M. Wolf finds in his own case a mean constant difference 
of 6°04 obtained from over 400 transits: this he subsequently explains 
by the fact that, if his right eye be fixed on two dots equidistant from a 
line drawn on a sheet of paper, one of these dots always appears nearer 
to the line than the other by a small quantity. This, of course, is a 
defect in the symmetry of the eye, and it is quite a common defect, 
which probably many of the readers of Tue Popurar Science Monvu- 
LY have, perhaps without knowing it. 

The influence of the apparent velocity of the star Bessel states to 
have been nothing in his own case, provided the star was situated 
more than 20° from the pole. Wolf’s experiments do not agree with 
this, and he contirms the researches of Dr. Pape and of Dunkin. 
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Pape finds (Astronomische Nachrichten, vol. xliv., p. 179) that the 
error of a transit observation is composed of two parts: one is con- 
stant, and the other depends on the polar distance of the star. Dunkin 
likewise considers the probable error of a transit observation as depend- 
ing upon the polar distance of the star, and Wolf’s experiments cor- 
roborate these results, and show that his own personal equation became 
larger as the velocity of the star increased. It is evident that this 
rule must be held true only within limits, and probably these limits 
are not very far apart. Wolf further made experiments to determine 
whether the position of the observer affected his personal equation, 
and he coneluded that, for his own ease, there was uo effect due to 
this cause. It is probable that most astronomers would differ with 
Wolf in this respect: observers of double stars, especially, have no- 
ticed a constant influence in their measures due to the position of the 
head, 

After having recited the results of his experiments, M. Wolf comes 
to the consideration of the really important question, “ What is the 
origin of the phenomenon known as personal eqnation?” Before he 
discusses this, he considers the remarkable personal differences be- 
tween Bessel and other astronomers which we have noticed, showing 
that this is undoubtedly the largest personal equation on record, and 
expressing his opinion that it was really due to an erroneous counting 
of the whole seconds, and that the fractional part of his enormous per- 
sonal equation with Argelander (1'.223) was alone a case of trne physi- 
ological personal difference. Let us recall the fact that Bessel and 
Argelander differed in observations of sudden phenomena only by 
0°.222, or 0.281; and again, that Bessel observed transits with a chro- 
nometer beating half-seconds so much as 0°494 (nearly a whole beat) 
later than with a clock beating seconds; and it seems impossible to 
avoid Wolf’s conclusion that Bessel counted his seconds differently 
from other observers. The only thing which militates against this 
theory is, that Bessel must have examined this question of enumera- 
tion himself; and again, that, in two nights’ observation with Von Lin- 
denan and Enecke, he found no signs of personal equation. Eneke, 
however, in speaking of this large personal equation of Bessel’s, says 
that there is no donbt that he had a different method of counting the 
strokes of the clock from other observers. MM. Wolf, too, mentions 
the case of an assistant at the Paris Observatory, whose transit ob- 
servations were earlier by one second than those observed by his fel- 
low-assistants (Bessel’s habit), but, in this case, a few experiments on 
artificial transits sufficed to show him that his habit was wrong, and 
led him to change it. 

The opinion of most astronomers has been, that personal equation 
is not purely a physiological phenomenon, but likewise a psychological. 
The time required for the sound of the clock to reach the observer's 
brain, and the time required for the light to pass from the image of 
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the star, so as to excite the nerves of vision, are both very small: it is 
the codrdinating power of the brain that works slowly—and absolute 
personal equation is largely the measure of the time required for the 
brain to superpose two different sensations, to codrdinate impressions 
derived from different sets of nerves, 

This view M. Wolf combats, and maintains, on the contrary, that 
the phenomenon in question is purely physiological, and arises from 
the duration of the hminous impression of the image of the star on 
the retina. To prove this, he has applied his apparatus to the obsery- 
ing of transits in which the seconds of the clock were not marked by 
audible beats, but by flashes of light appearing in the field of the 
telescope. 

In this case, and also in the case where the seconds of the clock 
were not heard, but were marked by light taps on his hand, his equa- 
tion remained almost constant (see table) : 


} The sccond marked by sound, :¢= + 0810 80 observations, 


ors «  sicht, :€= 40.08 80 “ 
The second marked by sound, :e= +0811 80 “ 
” + “ feeling, :e€= +0.11 80 * 


This table seems to bear out M. Wolf’s view; but, in this counec- 
tion, it will be interesting to refer to a paper by Mr. T. C. Mendenhall, 
of Columbus, which appeared in the American Journal of Science, vol. 
i, p. 157, This gentleman says: “ An attempt was made to determine 
the relative rapidity with which responses are made to impressions 
made upon the different senses... . Time is measured on a register 
similar to the astronomical chronograph, in which I have been able to 
move a slip of paper with great regularity at the rate of about one 
and one-half inch per second, the seconds being registered upon the 
slip by a seconds pendulum according to the electric method, The 
person on whom the experiment is being made is seated at a table, 
having his hand on a key; by pressing this, the time of the action is 
registered on the paper. I made an apparatus, by means of which the 
circuit is completed for an instant the moment that there appears at 
a circular opening, about three-fourths of an inch in diameter, a card, 
red or white, as I choose, which completely fills the opening. The 
subject is instructed to watch this opening, and to press the key im- 
mediately on seeing the card, The actual appearance of the card and 
his closing the cirenit in response are marked on the slip of paper by 
two dots abont one-fifth of an inch apart (two-fifteenths of a second), 
This is a measure of the time occupied by the somewhat complex 
operation of his perceiving the object, and acting in response to that 
perception. T introduce the exercise of judgment by giving him two 
keys, one for each hand, and by instructing him that, when a white 
card appears, he is to close with his right hand, and when a red card 
appears, with his left... . According to the same general plan, I 
made trials concerning the sense of hearing. I arranged that, by 
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pressing upon the key, unseen by the subject, I could at the same time 
close the circuit and produce a clear and distinet sound, npon hearing 
which he made a response registered as before. I connected my ap- 
paratus with the key-board of a piano-forte in such a way that I was 
able to introduce an exercise of judgment in the comparison of two 
tones differing in piteh much or little, as I chose... . With different 
persons, as many as 2,000 individual trials have been made, and the 
errors of experiment climinated as far as possible by averages... . 
As was anticipated, different individuals furnished, in some cases, stri- 
kingly different results, but, in general, they all followed the order 
given in the table:” 


CASE OF A. G. F. Time in seconds. 
Response to appearance of a white card... .... cece cece ee eee eee eee O292 
s x “an eleetric spark (in the dark)........ see. 2208 
“ © Sound! oi. wts oeacdates esastesaantae tae seah Sonesta eae. 088 
ee “touch on the forehead... 2... 0.6 eee eee ee eee 107 
i “ & BOO WAN wey, cute: teed Wc Waka an ate ladle Teak 117 
«when required to deeide between white and red.......... ivens wtd8 
q 
He cs “ ewe Ms tones C and E,............. .835 
as He i se ots ob C and C above (oetave)...... £28 


One cannot but be struek with the additional time required when 
the phenomenon to be observed becomes even slightly more complex. 
This is evidently not entirely a physiological effect, but is traly psy- 
chological in part. Just what bearing this has on the question of the 
cause of personal equation it would be difficult to say: at the same 
time we must admit that the slightest additional exereise of judgment 
requires additional time, This is forcibly shown by the smallness of 
chronographic personal equation as compared to eye-and-ear-equation. 

Let us now consider personal equation in things other than the 
estimation of time. We stated that the distance of one star, north or 
south of another, was usually measured directly; i. e., by graduated 
circles for large distances, and with micrometers for small ones. Prof. 
Coflin, now Superintendent of the American Ephemeris, has shown 
that in his own case, and in the ease of two other observers, at the 
United States Naval Observatory of Washington, a marked personal 
difference appears in the observations of a Lyri, and one or two other 
stars which pass near the zenith of Washington, depending on the 
direction in which the observer fuced, whether north or south. It is 
plain that a star near the zenith may be observed as a south star or asa 
north star, and it appears that each position gives a different polar dis- 
tance to the star: the difference of polar distance is small but constant. 

In reading microscopes, and, in short, in performing any operation 
where the senses are strained to appreciate small differences of time, 
space, or position, and particularly where the judgment has to be ex- 
ercised, personal differenees are present. In general, these are con- 
stant with the same observer, and in astronomy they are usually 
eliminated in the determination of the zeros, For example, if an ob- 
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server reads the microscopes of a Transit Circle habitually too large, 
when he is determining the zenith-distance of a star, it is likewise 
his habit to read them too large when determining the position of the 
zenith-point from which zenith-distances are counted; and the re- 
sulting quantity is likely to be free from all but accidental errors, 

Occasionally there arise cases where these differences (in the same 
observer) are not eliminated, but multiplied. 

In the measurement of a base-line, for example, the various rods 
are brought into contact under a microscope: if an observer judges 
these rods to be in contact when they are not, it is evident that his 
error, originally small, will augment with the number of contacts, and 
it may become serious. 

In the comparison of the national standards of length, undertaken 
by the English Ordnance Survey, an annoying case of personal differ- 
ence was found. 

These comparisons were made by bringing a movable cross of spi- 
der-lines to bisect one of the lines engraved on the various bars, and 
it was found that Captain Clarke, R. E., and Quartermaster Steel, 
R. E., who made the greater number of comparisons, differed in their 
estimation of a bisection by a constant amount which was annoyingly 
large: so that “the probable error of the final results is nearly double 
what might be expected from errors of observations only.” This error 
cannot be eliminated, and it still remains in the published results. 

We must constantly bear in mind that the quantities of which we 
have all along been speaking are extremely small, and that in fact 
they are masked by accidental errors for inexperienced observers in 
most cases. Still they exist, and they are among the most curious of 
phenomena: their careful study would well repay physiologists. 

We can never be sure we have eliminated them so long as the hu- 
man mind or body is a part of the machine by means of which we 
are comparing or registering events; and, just so long as mind or body 
is employed, we can be sure that personal differences will not only 
exist, but that they will vary from day to day. We must use for 
eliminating personality those valnes which are the best attainable, 
and assume these values to be constant over extended periods of time 
—weeks or months. In astronomy of precision, however, we have 
other errors to fear much more variable than personal eqnation, and 
it is to the elimination of these that attention should be directed. In 
other branches of research less exact in method, personality becomes 
of more importance, and an attentive consideration of its effects may 
be well worth while undertaking.’ 


1 The writer has recently had occasion to examine drawings of the same nebula by 
different observers, with telescopes which are quite similar, and the enormous differences 
which exist in the representations show personal differences of the most marked kind, 
for nothing is more certain than that all the changes shown by the drawings have not 
taken place. 
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BACTERIA AND THEIR EFFECTS. 
By L, A. STIMSON, A.M., M.D. 


IVING organisms, microscopical in size, of the simplest, most 
elementary nature, and moving freely in different liquids, have 

been known to observers for nearly two hundred years. Scientific 
classification and description were long impossible, on account of the 
meagre facilities furnished by the microscopes of the last century; but, 
during the last fifty years, the means of observation have been so 
much improved, and the number of observers has been so great, that 
the advance in our knowledge of microscopical bodies compares favor- 
ably with that in other branches of science. This advance has been 
greatly stimulated by a tendency to see in low vegetable or animal 
organisms the exciting canse not ouly of fermentation and decomposi- 
tion, but also of many diseases. Pasteur’s researches into the nature 
and causes of fermentation, the lectures and publications of Tyndall 
and Huxley, and the bitter discussions about spontaneous generation, 
have made us ali familiar with the names bacteria, vibriones, and micro- 
cocci, or microzymas, with which we associate the idea of microscopi- 
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Fie. 1—a, Micrococci; d, Micrococci, multiplying by scission: 4, ¢, Bacteria (rod Bacteria, B. 
termo ; ¢, vibriones ; J, h, i, k, Torule, or Yeast-Plant, sprouting; g, probably “ Dauer- 
sporen,”’ durable or resting spores. 


eal bodies, round, oval, or rod-like and jointed, varying in length from 
five ten-thousandths to one one-hundredth of a millimetre, and found 
especially in putrefying vegetable aud animal infusions. The term 
microcoecus has always been restricted to the small, round, or ovoid 
bodies, but bacterium and vibrio have been applied indiscriminately to 
all, the former being more commonly used in France and Germany, 
the latter in England. When used in the narrower sense, bacteria 
denotes stiff, rod-like bodies, single or jointed, motionless or endowed 
with an oscillatory movement in place, while vbrio is applied to those 
which move rapidly across the field of the microscope with an undula- 
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tory, sinuous motion. Another variety, less frequently found, is larger, 
and has the form of a corkserew, with from one and one-half to three or 
even four complete turns. These spiral forms are perfectly rigid, and 
rotate about their long axis with great rapidity, moving rapidly for- 
ward and backward with the regularity, although uot the deliberation, 
of a pendulum, Their rotation about the long axis gives rise to the 
appearance of a wavy, serpent-like motion, which has deceived many 
observers, and it is very probable that the smaller vibriones mentioned 
above owe their apparent sinuous motion to the same cause. The ease 
with which one may be deceived on such a point will be readily under- 
stood by any one who has noticed a large screw in motion, or the 
shadow of a slowly-turning corkscrew. 

Leeuwenhock, a Dutchman, published, in 1684, the earliest ohserva- 
tions of bacteria of which we have any record. He found them chiefly 
in the matter picked from between his own teeth and those of his 
acquaintances, and, animated apparently by the same spirit for which 
his countrywomen are so noted, he defends himself against a possible 
charge of uncleauliness by mentioning that he habitually brushed his 
teeth after every meal; but he also records that he found the largest 
quantity of bacteria between the uneared-for, broken teeth of an old 
man. THe supposed these bacteria to be animals, and, indeed, gave 
the name eels to some large ones which he found in vinegar, whose 
motions were so active that he was “obliged to kill one before the 
limner could portray it.” In the eighteenth century Muller made a 
classification of the forms then known, but it was uot until after the 
great improvements made in the construction of microscopes, about 
1820, that Ehrenberg gave the complete description and classification 
which have served almost until the present day. Ilis book (“Infusions- 
thierchen”) was published in 1838, The different forms were grouped 
in one family, the, Pébréonide, and, as the title shows, were still sup- 
posed to be animals, 

To-day they are known to be plants, and the different varieties are 
supposed by many observers to represent only different periods of 
development. Robin asserted several years ago that the ordinary rod 
bacteria could develop into the long thread bacteria, and even into the 
long filaments of leptothrix found so constantly in the mouth; but this 
was not generally believed, and the latest complete classification, that 
of Ferd. Cohn, published in 1872, is based upon the absence of such a 
developmental relationship. The study of these plants is rendered 
very difficult by their extreme smallness, and all attempts to cultivate 
them under the microscope, in “ wet chambers,” have failed to disclose 
the seerets of their growth, on account of the abnormal conditions in 
which they are necessarily placed. A considerable depth of liquid 
seems to be essential, as do also the presence of air, and protection 
against shocks or jars, and movement of the liquid; consequently, they 
can be studied only by comparing the forms found at intervals during 
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a long period of time, either when cultivated artificially, or when grow- 
ing spontaneously under natural conditions, 

In this way Billroth, who has published the most recent and, in 
many respects, the most remarkable work upon the subject, was able 
to make out the whole series of changes, from the spore to the long 
filaments, by using for his observations the yellowish mould which 
formed on the wall of his laboratory, where the water leaked slowly 
from a loose faucet. At the same time he discovered the natnre and 
mportance of certain ghstcening spherical bodics frequently found in 
infusions containing bacteria, and ealled Daversporen, or durable 
spores (Fig. 1, g), by Cohn, although he did not think bacteria were 
developed from them. Billroth demonstrated that these Danersporen 
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Fig, 2.—Bacteria anp Lerrorunix FILAMENTS FOUND IN A TURNIP-INFUSION, 


form micrococci in their interior, which are sct free by the bursting of 
the envelope, and are then capable of multiplication by scission, or 
of lengthening into bacteria; also, that they are endowed with great 
vitality, and are not destroyed by freezing, boiling, or drying. Te 
had some which germinated after they had been kept dry for eight 
years; and, whenever he wished to make sure of the destruction of 
the spores contained in his experimental liquids, he heated them to 
392° Fahr, 

They are formed in the interior of bacteria, and sink to the bottom 
of the liquid which contains them, The importance of these facts in 
their bearing upon the qnestion of spontancous generation, and upon 
the innumerable repetitions and variations of the experiments with 
sealed flasks, which have attracted so much attention since Pasteur 
made them, cannot be over-estimated ; for, as Prof. Wyman, of Cam- 
bridge, says, “The issue between the advocates and opponents of the 
doctrine in question” (spontaneous generation) “clearly turns on the 
extent to which it can be proved that living beings resist the action 
of water at a high temperature.’—American Journal of Science and 
Art, September, 1867. 

Bacteria themselves are much more easily affected by heat and 
cold than are these Dawersporen. Their motions cease when the 
temperature is reduced nearly to the freezing-point; but it may be 
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sarried even below zero, and yet the movements will recommence as 
soon as it is raised again above 40° or 45°, Exposure to a tempera- 
ture of 140° will kill them; but this resnIt seems to depend qnite as 
much upon the length of time dnring which they are exposed to it, as 
upon the degree of heat itself, several hours being required for the 
lesser deerees, while ten to fifteen minutes, at boiling heat, are suf 
ficient, and even four or five at 215°, 


Fic. 3.—BactTeRIA, LEPTOTHRIX, AND SPORE-LIKE Bopies FOUND IN A SOLUTION OF AMMONIC 
CARBONATE AND Sopic PHOSPHATE.—The tuft at the end of the filament of Leptothrix is 
probably an accidental accumulation of fragments. 


In the air, bacteria, or bacteria-spores, exist, but only in moderate 
numbers, for exposure to the air often fails to cause cloudiness of arti- 
ficial nutritive liqnids, when the plants that existed in them before- 
hand have been destroyed by heat; and sometimes portions of meat 
taken from a recently-killed animal, with all possible precantions to 
prevent inoculation with bacteria through the instruments employed, 
and placed in open vases that have been washed in alcohol and then 
scorched in a hot flame, remain for days and weeks without putrefying. 
They are present in all kinds of water, and generally in considerable 
nmnbers, Cohn found them in the vapor condensed upon the inner 
surface of a bell-glass placed over a dish of water; and it is probable 
that those found in the air are enabled to live by the moisture con- 
tained in it. Their presence in the liquids and tissues of the body, 
often affirmed and denied, is now proved beyond qnestion, Billroth’s 
experiments on this point having been repeated and confirmed very 
recently by Tiegel. Rapid multipheation in the living body is pre- 
vented in part by the motion of the blood, and in part by the vital 
energy of the tissues, which is so vigorous that these plants cannot 
check it, and thereby obtain the nourishment needed for their own 
growth; bunt, when life has ceased, or when an abnormal condition of 
the tissues has been bronght about by any canse, then rapid growth 
begins, and we have, in the one ease, pntrefaction ; in the other, various 
patholog‘cal changes of more or less importance. 

About the year 1865, two physicians of Strasburg, Messrs, Coze 
and Feltz, published a series of experiments which they had made 
with inoculations of putrid matter; and in 1872 they published a hook 
npon the same subject, claiming that the virnlent effects of putrid 
matter were dite to the presence and erowth of bacteria, and that the 
blood of an animal poisoned with such matter was itself virulent to a 
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high degree, and that this virulence was increased by successive 
inoculations, A similar series of investigations bad Jed another 
Freneh physician, Dayaine, to the opinion that the disease called 
anthrax, when it occurs in animals, and malignant pustule when it 
affects man, was caused by a certain variety of bacteria, to which he 
gave the name becteridia. 

Dayaine repeated the experiments of Coze and Feltz, and in Sep- 
tember, 1872, read before the icadémée des Sciences, in Paris, a report 
of three series of inoculations with putrid blood, the results of which 
were so startling that for several months the discussions im the 
Academy turned almost exclusively upon the subject of septiczemia, 
or blood-poisoning. The first series showed that inoculation of a 
rabbit with a drop of blood, putretied in the open air, rarely killed the 
animal, and that sometimes ten or fifteen drops were necessary. The 
second series comprised successive inoculations of blood from one 
septicemic animal to the next, and showed that j4 to ty of a drop 
was sufficient to kill the fifth, o4y9 to apigy Would kill the tenth, 
while, for the twenty-fifth, the one-ten-trillionth part of » drop was 
fatal, 

Inercdible as some of these assertions seemed, they were verified 
by many experimenters; but the minimum dose that would certainly 
kill was placed at the one-millionth part of a drop. Davaine claimed 
that the active poisonous principle was the hacterium, which, by its 
growth and multiplication in the blood, acted as a ferment; and this 
opinion, supported by Pasteur, was gencrally accepted, and it was sup- 
posed that the ordinary acute inflammatory complications of wounds, 
accompanied by symptoms of general poisoning, were caused by the 
accidental entry of bacteria. The same opinion had been held before, 
and the novelty of Davaine’s views lay chiefly in the excessive minute- 
ness of the quantity necessary to produce the effect. 

The chief benefit derived from these experiments and discussions 
in Paris was found in the great interest which was excited every- 
where in the question, The experiments were repeated, and the con- 
clusions examined in almost every pathological laboratory in Europe, 
and we have every reason to expect that, through this general exam- 
ination and discussion, the truth will appear. From time to time 
articles appeared denying the virulence claimed for bacteria; the 
earliest of these was a paper submitted to the slcadémie des Sciences, 
in April, 1873, by M. Onimus, who had been experimenting under the 
direction of Prof. Robin. THe placed putrefying blood in a bag made 
of a dialytie membrane, and immersed the whole in distilled water, 
which, after a few hours, was found to be filled with bacteria. Inocu- 
lation with the blood produced the usual results, but inoculation with 
the water caused no septic symptoms whatever; on the other hand, 
the same blood, when subjected to various processes which removed 
or destroyed the bacteria, retained its virulence, and from these ex- 
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periments he drew the conclusion that the virus of putrid infection is 
not an organized ferment, not bacteria, but an albuminoid substance. 
Panum, who held similar views twenty years ago, has reasserted his 
belief in them in an article published in Vérehouw’s Arehives, for July, 
1874, and during the last year the weight of testimony has all been in 
this direction. Clinical observation has been employed to confirm or 
refute the conclusions of experimental pathology, and has clearly 
demonstrated that the poisonous processes, of which we have spoken, 
van begin in the human body and proceed withont the prescnee of 
bacteria, and that bacteria may be present in large quantities without 
the slightest symptom of any poisonous complication. 


Fic. 4—Torv..£.—From a Solution of Ammonia Tartrate and Sodic Phosphate. 


It is probable that their réle, so far as disease is concerned, is as 
follows: While they have no power in themselves to excite disease 
(diphtheria, vaecinia, septicunia, typhoid fever, etc.), they are able to 
absorb the poison (fermeut ?) which is capable of producing it, to 
“fix” it, as it is termed, and to give it up to any tissue with which 
they may come into contact, acting thus as carriers of contagion; 
then, after the abnormal process has been commenced in the body, a 
change is bronght abont in the tissues which renders them suitable 
for the rapid growth and multiplication of the bacteria, which, in turn, 
augment the change in the tissues, and thus there is formed a vicious 
circle, the consequences of which are too often fatal. 

Any agent which destroys the life of the bacteria, or prevents their 
multiplication, breaks this cirele and renders a cure possible. 

The influence of bacteria in fermentation is still undecided, but, for 
the sake of completeness, the different opinions should’ be mentioned. 
It is admitted by all chemists that these or similar organisms are in- 
variably present in some fermentations—Dacterium termo, or rod bac- 
terium, in putrefaction, and the yeast-plant in alcoholic fermentation, 
for example; and while some claim that the process is due to the 
vitality and growth of these plants, others hold that this growth is an 
effect, not a cause; anda third party claim that the plants secrete the 
actual ferment. 

According to Liebig, fermentation is an action which is produced 
in a fermentable substance by an albuminous matter which is dead 
and in spontaneous decomposition; that is, fermentation is a cor- 
relative phenomenon of death. On the other hand, Pasteur maintains 
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that fermentation occurs ouly when a microscopical vegetable organ- 
ism nourishes itself and multiplies at the expense of a part of the 
fermentable substance. All fermentation is accompanied by lite; both 
processes (fermentation and growth) begin and end simultancously ; 
that is, fermentation is a correlative phenomenon of life. 

The question of spontaneous generation is closely bound up with 
the question of fermentation, the supporters of the former claiming 
that life has iis origin in a new combination of elements—archebiosis, 
a combination which resembles that which oceurs in crystallization, 
and that the same canses which induce the chemical decompositions 
and subsequent combinations known as fermentation also bring about 
the combinations which result in life. The discussion has been very 
active, and, in France, Pastenr, skilful dialectician as he is, had to 
fight long and hard for the vietory which he won. Ilistory shows 
that spontaneous generation has often been invoked to explain an un- 
known mode of production of life, and has always disappeared before 
advancing knowledge, and, now that it has been overthrown when 
claimed for the lowest forms of mi¢roscopical life, it probably will not 
reappear until an advance in the means of observation shall have re- 
vealed to observers still lower and more minute forms, 


——_ -9+ ——___ 


ANIMALS NOT AUTOMATA. 
By ROWLAND G. HAZARD, Ese. 


HE doctrine of necessity has been ably advocated by many acute 

philosophers, and is to-day, in various forms, including fatalism, 

the accepted creed of a large portion of mankind. A doctrine thus 

supported, and so immediately bearing upon our actions and our pow- 
ers, cannot but he worthy of serious attention. 

Prof, Huxley, approaching it on the material side, in the true spirit 
of philosophical inquiry, trustingly following wherever truth seemed 
to him to lead, and regardless of the apprehended consequences of at- 
tacking dominant creeds and opinions, has pushed this doctrine to its 
legitimate logical consequences, in the conclusion that all animals, 
man included, are but “conscious automata,” moved and directed in 
their movements by extrinsic forces, 

With him, I believe that all progress in knowledge is beneficial ; I 
deprecate no enterprise in experiment, nor any boldness in speculation, 
if we are duly cantious in accepting and applying its results, The 
revelations of intelligent and honest inquiry always merit respectful 
and careful consideration, but are not properly exempt from scrutiny. 

Although I have perhaps deviated as far on one side of the current 
opinions as Prof, Huxlev has on the other, I cannot claim any credit 
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for fearlessness of the consequences—my only apprehension in that 
respect being, that any arguments | may present, unrelieved by inter- 
esting expcriments, will not excite sufficient interest to provoke either 
commendation or censure. 

I think, however, I may properly say that, viewing the problem 
on the spiritual side, and carefully excluding popular prepossessious 
and theological dogmas, I have carried the opposite doctrine of “ free- 
dom” to its legitimate logical consequences in the conclusion that 
every being that wills is a ereative first cause, having, in virtue of its 
attributes of knowledge, feeling, and volition, a power of itself to be- 
gin action. That the object of every volition or effort is to make the 
future different from what it otherwise would be, and hence, that every 
such being is an independent, self-active power in the universe, freely 
doing its part and codperating with all other active intelligences in 
creating the future, which is always the composite result of the action 
ofall such intelligences: that even an oyster, though it have no other 
power than that of moving its shell, may, so far, create the future and 
make it different from what it otherwise would be; and further, that 
as every intelligent being will conform its action to the conditions 
under, or upon, which it is to act, the action of each, in changing the 
conditions, may affect the action of any or of all others, and the action 
of the lowest may, in this way, influence that of the highest. 

We both, however, admit knowledge and feeling, and recognize 
consciousness, or the phenomena of knowing, in man and other ani- 
mals. In discussing questions so fundamental, this must be largely 
relied upon for the foundation and support of the argument on either 
side, and I will briefly state my views in regard to its authority. 

Mind, as manifested in man and in brutes, I regard as entirely 
made up of a capacity for knowledge, a susceptibility to feeling, and a 
Jaeulty of effort (will); this last being the only power we possess ; and 
if it—the effort of intelligent being—is not the only power known to 
us, it is at least that power, of the cxistenee of which we have the most 
direct and reliable evidence. The recipient and receptacle of all our 
knowledge, whatever its source, is consciousness. Our conscious per- 
ceptions and feelings (including emotions) are the foundation of all 
knowledge, and all belief; but the consciousness of one man, of itself, 
avails nothing against another having a different consciousness and a 
different belief. Belief is not a matter of will or of choice, but each 
must beheve in conformity to his own consciousness, and retain his ex- 
isting belief till his consciousness is in some way changed. The denial 
of this involves a contradiction, and we may assume, as a corollary to 
it, that it is not only reasonable, but a necessity, that we believe things 
to be as they appear to be, till we recognize a sufticient reason for be- 
lieving that the appearances are deceptive. The testimony of con- 
sciousness is not equally reliable as to all subjects. In some cases it 
is conclusive, in others far from it. In regard to our internal percep- 
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tions, sensations, and emotions, our consciousness is conclusive evi- 
dence that we have them, and that they are what cousciousuess repre- 
sents them to be. The consciousness of the sensation of pain is the 
pain itself; and the consciousness of perceiving that the whole is 
greater than its part is, itself, the perception of that fact, and there 
can be no question as to my actually having the sensation of pain, or 
as to my having the perception of the inequality. But the conscious- 
ness is not conclusive as to the conformity of the perception with the 
existing fact, nor as to any inference which I may draw from the sen- 
sation. One may have as full and decided perception of what is not, 
as of what is; and the liability to erroneous inferences from our sensa- 
tions is a matter of daily experience. 

Even a universal belief, founded on entire uniformity in the per- 
ceptions, or in the inferences from our sensations, is not conclusive. 
If it were, no error in such belief could ever be corrected. If, for in- 
stance, the belief that the sun daily revolved around the earth was 
once universal—and universal belief is regarded as conclusive—the 
present belicf never could have been substituted. Still, to assume 
things to be as they appear to be, till a sufficient reason is given to 
the contrary, is a necessary condition to our progress in science and 
philosophy. If this proposition is denied, then all Prof. Huxley’s 
array of facts and arguments may be fairly met by saying, “True, these 
things appear to be as yon say, but, then, this appearing is no reason 
for supposing that they really are so.” There would be an end to at 
least all physical investigations, 

Instinct is, perhaps, 2 more important element in this discussion 
than Prof. Huxley has suggested—the various and vague notions in 
regard to it which obtain both in the popular and philosophical mind 
do much to confuse the consideration of voluntary and mechanical 
action. 

Prof. Huxley assumes that instinctive action is mechanical. He 
says: “ When we talk of the lower animals being provided with in- 
stinct, and not with reason, what we really mean is that, although 
they are sensitive, and although they are conscious, yet they act me- 
chanically, and that their different states of consciousness, their sensa 
tions, their thoughts (if they have any), their volitions (if they have 
any), are the produets and consequences of their mechanical arrange- 
ments, I must confess that this popular view is, to iny mind, the only 
one which can be scientifically adopted.” 

There is mucb and high authority for the doctrine that instinctive 
actions are mechanical, but I believe it is very generally rejected by 
those who have observed the actions of animals without any knowl- 
edge of subtile theories to account for them, ‘ What,” incredulously 
exclaimed one of my grandchildren, on hearing of “ Prof. Huxley’s 
statement,” “ what sort of a mechanism is it that carries the wild-geese 
from Canada to the Gulf of Mexico every fall, and brings them back 
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every spring?” This seems to ine a fair illustration of the prevailing 
notions, indicating that Prof. Huxley is mistaken in assuming that the 
“popular view ” favors the mechanical theory. F am aware that the 
“popular view ” cannot be urged against special inquirers, whose ob- 
ject often is to correct prevailing errors, as well as to extend the lim- 
its of our knowledge; but misapprehension of the popular view may 
give a wrong direction to their efforts and make them unavailing. 

No mechanical contrivance, no mechanism furnishes any power, 
but is only a means of applying power ; and, even if the term mechani- 
cal embraees all the phenomena of matter in motion, we still have the 
question as to whether the mechanism or the matter moves by its own 
power, or is moved by the effort of some intelligent being. 

He who views the perfect crystal as the direct creation of an intel- 
ligent designing power, and he who sees in it only the orderly effect 
of natural forces, will alike class it with the mechanical; so, too, both 
would speak of the celestial mechanism. 

In investigating the laws of ature, the one is observing and gen- 
eralizing the uniform mode of God’s voluntary action, the other is 
finding the necessary consequences of the action of material forces, 
Each attributes any phenomena which he cannot class with any of his 
generalizations to some inscrutable exercise of power—the one to in- 
telligent effort, the other to unintelligent material movements; so 
that, in the mechanical, we have still the question as to the two forms 
of power—intelligence in effort, and matter in motion; and, as be- 
tween these, admitting the existence of both, it seems most reasonable 
to attribute instinctive action, the action of a conscious, and hence in- 
telligent being to the former, rather than to the latter. Instinctive 
action is not mechanical, even in the most extended sense of the term, 
but must be referred to the power of the being itself, and not to ex- 
trinsic power of any kind, Every voluntary effort is put forth to 
gratify a want, to make the future in some respect different from what, 
but for the effort, it would be. To do this, always requires that the 
effort, or series of efforts, should be adapted to the specific object, and 
that, in any series of them, each one should be in the appropriate con- 
secutive order. There must be a mode, or plan of action. This plan 
is either a part of our knowledge, or is formed by means of it. 

In all our actions, whether instinctive, rational, or habitual, we thus 
apply our knowledge to direct our efforts to the end desired, and there 
is not in the actions themselves, nor in their immediate antecedents, 
any difference whatever. In all of them it is but an effort suggested 
by the want, and directed to a given end by means of our knowledge. 
The difference is not in the aetion, nor in the knowledge, nor in the 
application of the knowledge, but one step farther back—in the man- 
ner in which we became possessed of the knowledge we apply. In a 
rational action we, by a preliminary effort, obtain this knowledge—we 
make the requisite plan. In the instinctive action this knowledge is 
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innate; the plan is ready formed in the mind, requiring no premedita- 
tion, no deliberation to determine the mode of action. In the rational 
actions we acquire the knowledge of these plans for ourselves, and it 
is the preliminary cffort to determine what to do, and how to do it— 
to find the mode of action—that tasks our intellectual abilities. But, 
when we have once formed the plan, and acted upon it often enough 
to remember its successive steps, so that we can repeat them in action 
by rote without any reference to the rationale, it becomes a plan ready 
formed in the mind, and the acting upon it becomes habitual. The 
instinctive and habitual actions, then, are precisely alike in this, that 
both are in conformity to a plan ready formed in the mind, requiring 
no effort to form them for the oceasion, and differ only in this, that in 
the instinctive we found the plan ready formed, while in the habitual 
we originally formed it by our own effort. Tf, after the latter plans 
had become fixed in our memory, we should forget that we had ori- 
ginally acquired them by our own effort, we would know no difference 
between the instinetive and habitual action, 

The popular consciousness of this similarity is expressed in the 
common adage that habit is second nature, If this view, which seems 
to me to account for all the peculiarities of instinctive action, is cor- 
rect, instinct is not a distinct faculty, capacity, property, or quality, 
of being, which may be compared with or substituted for reason, but 
has relation only to the mode in which the knowledge by which we 
determine some of our actions was originally obtained. Whether the 
innate knowledge of modes and plans is by transmission, or otherwise, 
does not affect the theory. It is suflicient that they are thus ready 
formed in the being without effort of its own. 

All intelligent actions, except perhaps those which are merely imi- 
tative, must in the first instance be either instinctive or rational, the 
habitual coming later through the transformation of the others by 
repetition and memory; the instinetive, however, not being materially 
changed thereby. 

But the foundation of all our actions must be instinctive, there be- 
ing no possible way in which we could ever learn that effort is the 
means of using either our muscular or mental powers. 

In regard to the rational actions, I see no distinction in kind, but 
only in degree, between those of man and the lower animals. Descend- 
ing in the scale of intelligence, we may, and probably will, reach a 
grade of beings which do not invent or form plans to meet new ocea- 
sions for action, and the efforts of such must be wholly instinctive; 
but I have seen both dogs and horses draw inferences, and work out 
ingenious plans of action, adapted to conditions so nnusual and so im- 
probable to them, as to preclude the assumption that they had been 
specially provided by Nature, through hereditary transmission, or 
otherwise, with the knowledge of the plan suited to the oecasion. 

Prof. Huxley asserts that matter is a cause, a power not only in 
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what is generally regarded as its own sphere, but that it also produces 
all mental phenomena, At the same time, while admitting the con- 
sciousness—the intelligence—of man and brutes, he denies to them the 
faculty of will, thus virtually denying to them any power. 

He thus raises the question as to the power of matter, and also as 
to that of intelligent beings; at least of beings of no higher grade than 
man, It is not very clear whether or not he denies add intelligent 
power. In saying he has with him “Pere Malebranche, who saw all 
things in God,” he seems to recognize a supreme power; but then this 
power in his system might logically be but a deification of material 
forces, ignoring intelligent activity. 

Against attributing power to matter, we may urge that its exist- 
ence as a distinct entity has never been proved, and is seriously ques- 
tioned. ‘To assume that so important a quality inheres, and especially 
to assume that it inheres only in something, the existence of which is 
doubtful, when it may, with equal reason, be attributed to something, 
the existence of which is admitted, would be a grave philosophical and 
logical mistake. 

Prof, Huxley admits the existence of intelligent (conscious) beings, 
but perhaps does not admit that power may, with equal reason, be 
attributed to them, nor perhaps that there is any reasonable doubt as 
to the existence of matter as a distinct entity; leaving these two ques- 
tions open to discussion. In regard to the latter, he will probably 
admit that there is no decisive proof, and that the existence of matter 
is only an inference from the sensations which we attribute to its 
agency. But all the phenomena of these sensations are as well ac- 
counted for on the hypothesis that they are directly produced in our 
minds by some intelligent power as that they are the effects of matter. 

If the material universe is regarded as the work of an intelligent 
Creator, working with design to produce a certain effect, then, upon 
either hypothesis, it is the expression of a conception of this Creator, 
existing as thought and imagery in his mind before he gave it palpa- 
ble, tangible existence in ours, and the only question between the two 
modes is, whether, in making it palpable to us, he transfers this 
thought and imagery directly to our minds, or first paints, moulds, or 
earves them in a distinct material substance. The external universe 
would not, in the first of these modes, be any the less real. The sen- 
sations, which are all that under cither hypothesis concern us, or that 
we know any thing about, wonld be the same in both cases. But we 
ean no more impute power to such imagery than to an image in a mir- 
ror, and under this hypothesis material sensation would have no exist- 
ence, 

One consideration favoring the ideal theory is, that, under it, crea- 
tion becomes more conceivable to us. We can, any of us, conceive or 
imagine a landseape, and vary its features at will. This is an incipient 
ereation which, if we could impress it upon the mind of another, would 
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be to him an external creation—to his vision as thoroughly material 
as the fields, and streams, and trees, he now looks out upon; and, if 
from any cause it should become fixed in the mind of him that con- 
ceived it, so that he could not change it at will, it would become to 
him an external reality. And this sometimes happens in abnormal 
conditions of the mind. In order to thus ereate what, at least to the 
visual sense, would be an external material creation, the only addition, 
then, which is required to the powers which we habituaily exercise is 
that of impressing our eoneeptions upon others. With this addition 
we could create and give palpable existence to a universe, varying 
more or less from that now palpable to us. And this power of im- 
pressing our conceptions on others we are none of us wholly devoid 
of. Sculptors, painters, architects, and more especially poets, have it 
in marked degree. 

We, however, find no rudiment of force im these incipient creations 
of our own, and, hence, they furnish us with no logical ground for attrib- 
uting it to similar and more perfect creations of a Superior Intelligence. 
That these creations of our own are mostly evanescent, and those to 
whieh, with great labor, we give a persistent reality are very limited 
and imperfect, does not disprove the position that ereation is more con- 
ceivable to us npon the ideal hypothesis than upon the material. The 
ideal hypothesis is also commended by the consideration that man, 
having, in a finite degree, all the other powers usually attributed to 
the Supreme Intelligence, Jacks, under the material theory, the power 
of creating matter, Corresponding to His omnipotence, omniscience, 
and omnipresence, man has finite power and finite knowledge, and can 
make all the objeets of his knowledge present, which is eqnivalent to 
a finite presence, limited, like our other attributes, to the sphere of our 
knowledge. This hypothesis, then, rounds out our ideas of creative 
intelligence, relieving us of the anomaly of the creation of matter as a 
distinet entity, for which, having in ourselves no conscious rudiment 
of a power to accomplish, we cannot conceive the possibility, 

IT may further observe that, if I am right in supposing that the 
only difference between our own incipient creations, of a landscape for 
instance, and the external scenery which we perceive, is that we can 
change the former at will, while the latter is fixed, 1t shows how narrow 
is the space that divides the creative powers of man from those of the 
Supreme Intelligence, and that the difference is mainty, if not entirely, 
in degree, and not in kind. This gives warrant to the logic, and shows 
how short the steps by which we attribute all creations and all changes, 
which we regard as beyond our own power and beyond that of other 
embodied intelligences known to us, to a superior intelligence, with the 
same powers which we possess and use to create and change, increased, 
I will not say infinitely, but to a degree corresponding to the effects 
which we see and ascribe to them. 

If the existence of matter be admitted, it may still be urged that, 
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being unintelligent, it can have no causative power, and can produce 
no change, for all changes in matter must be, by its motion, massive 
or atomic, and matter cannot move itself. 

Even if it could be imbued with motive power, it could have no 
inducement, no tendency, to move in one direction rather than another ; 
and a tendency which is equal in all directions is no tendency in any 
direction. If all matter were at this moment quiescent, even the ma- 
terialists will not assert that it could of itself begin to move. 

It may, however, be urged that both the arguments thus drawn 
from the dithculty of conceiving the creation of matter, and the neces- 
sity of motion to its causal power, may be met by the hypothesis that 
matter was not created, but has existed through a past cternity, and 
that its original condition was that of motion, and that there is no 
more difficulty in conceiving this than in conceiving that intelligence, 
with its activities, has had no beginning. 

But, granting that matter has always existed, and originally had 
motion, and consequent power, still, if the tendency is to expend and 
exhaust this power in producing effects, by collision or otherwise, or, 
admitting the conservation of force, if its tendency is to become mere- 
ly potential, then the force which it originally had, in virtue of being 
in motion, must, in the infinite period of its existence, have been either 
wholly exhausted or reduced to an infinitesimal, requiring the inter- 
vention of some active power to again give it any practical force. 

But whether matter, supposing it to exist, can of itself, by means 
of its motion, be an independent power or force, still depends on an- 
other question, viz., Is the tendency of a body in motion, when the 
power which put it in motion is withdrawn, to continue to move, or to 
stop? In other words, is the application of extrinsic power required 
to keep it in motion, or is such application required to stop it? Hay- 
ing no power to move itself when once at rest, it could have no power 
to act, but could only be acted upon, and, if it has inertia, it would 
be a means of exhausting other force, 

If when once in motion its tendency is to continue in motion, then 
it could be used as an Instrument by which intelligent power, putting 
it in motion, could extend the effects of its own action in time and space, 

If the tendency is to stop, then it could have no power or force, in 
virtue of being in motion, and could not even be a means of extending 
the effects of the action of other powers. 

I have heretofore confessed my inability to solve this question as 
to the tendency of a moving body to continue its motion, or to stop 
when the motive power is withdrawn. I have not, perhaps, been abie 
even to disentangle it from the empirical meshes in which it has be- 
come involved, and which, in my view, do not and cannot furnish any 
clew to its solution; but, until this point is settled, I do not see how 
matter, though in motion, can properly be regarded as a force, or 
even as a conserver of force imparted to it by some other power. 


ANIMALS NOT AUTOILATA, 4.13 


If matter in motion is power, then all its effects must be sneh as 
take place of necessity, it having no power to select or vary them, 
and, whatever the course of such effects, it cannot change. If, for in- 
stance, the moving body is approaching another body, then, as two 
hodies cannot oceupy the same space, some effect must of necessity 
result from the collision ; and all the effects of unintelligent cause or 
force must be from some like necessity. In this case the material 
hypothesis has an advantage, there being no apparent connection of 
necessity between an intelligent effort and its seqnences. This, how- 
ever, as matter cannot put itself in motion, nor, perhaps, even con- 
tinue any motion imparted to it, may only make it an instrament of 
other power, and not a power itself. 

Some of the considerations in favor of the existence of’ intelligent 
power have already incidentally arisen in connection with the question 
of the existence of material force, and others pertain to that of the 
will, to which we will now turn. 

The question which Pref. Huxley raises is not merely, Does man 
will freely ? but, Does he will at all? If he recognizes any volition 
in us, it is a volition in which we have no agency, but of which we 
are only conscious. 

Between the two questions, of willing freely or not willing at all, 
there is perhaps little of practical importance ; for, if our actions are 
controlled by some extrinsic power or force, it is not important 
whether this control is exerted directly on or in the action, or indi- 
rectly through controlled will. It might, perhaps, even be properly 
urged that, philosophically as well as popularly, a willing which is 
not free is a willmg which is not willing, and this would identify the 
two qnestions. 

Prof. Wuxley, from divers physical experiments, comes to the con- 
elusion that animals, ineluding man, do uot will, but that the effort- 
phenomena, of which we are conscious, are only a series, or the effect 
of a series, of mechanical changes of matter, over which we have no 
control. He admits that we have knowledge and feeling, and there is 
no difficulty in conceiving that these may exist without will, though 
the existence of either feeling or will without knowledge is impossible. 

To most persons the actual making of an effort, or willing, seems 
to be as fully attested by their consciousness as a sensation is; and 
there is high philosophical authority for putting it in that category, 
in regard to which the consciousness is positively and oi necessity 
conclusive. It seems to me, however, that there is room for a dis- 
tinction between the consciousness of effort, and the effort itself. If 
the chanves, which seem to us to be the consequences of our effort put 
forth with a preconeeption of these changes, and for the purpose of 
producing them, are really caused by some extrinsic power or force 
acting throngh us, it is quite eonceivable that such a power, especially 
if intelligent, may impress us with the emotion of making an effort 
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when we make none, though I sce no reason why such a circuitous 
mode of action should be adopted. But, though the consciousness of 
making an effort is not conclusive as to the aetval making, still, as it is 
of internal phenomena, it is evidence of a higher order than that 
which consciousness of a sensation gives as to the existence or char- 
acter of the external phenomena, 

The senses through which the external is presented may not act 
perfeetly ; and this, as compared with the consciousness of internal 
phenomena, makes an additional risk of error similar to that which 
arises from secing an object through glass or in the reflection of a 
mirror, instead of directly without any intervening medium. 

Those, then, who set up physical phenomena against our conscious 
ness of effort, labor under the disadvantage of impeaching the acen- 
racy of the testimony by other testimony which is less reliable than 
that which they impeach. 

Prof. Wuxley admits that men and other animals know and feel. 
The existence, then, of that for which power by effort is claimed as 
an attribute, with these prerequisites to its exercise, is admitted, 

On the other hand, any belief in matter or in its motion is but an 
inference from our sensations which, as we have seen, is not a neces- 
sary or conclusive inference; and hence we have uo reliable evidence 
of the existence of matter, nor of the attributes which, if it exists, are 
essential to its having power. 

In the first casc, we know the existence of the active agent; its 
fecling, subjecting it to want ; and its knowledge, enabling it to adopt 
a mode of gratifying its want, which are all the elements which are 
requisite to the exercise of a power by effort, and though we have no 
conclusive proof that it actually makes the effort, the testimony in 
regard to this, for reasons already stated, is more reliable than the 
inferences from our sensations, that matter exists, and that it moves, 
and that one portion impinges on another portion, all of which are es- 
sential to material causation. Jn the first ease, the existence of the 
agent, with all the prerequisites to the exercise of power, is known. 
In the latter, not a single one of them is known. This shows that the 
material phenomena which Prof. IIuxley presents are not, in this case, 
sufficient to rebut the testimony of consciousness that we do will—do 
make effort, and thereby produce change. 

The further question, Do we ourselves determine our efforts ? is 
identical with that of our freedom in willing, which I do not propose 
here to discuss, but will remark that it is not probable, perhaps it is 
not conceivable, that any unintelligent agent should create the whole 
system of wants, knowledge, and the application of kuowledge in- 
volved in an effort, as just stated, and impress the whole as illusions 
on the mind of the actor; nor yet, that any blind force should direct 
the effort in exact conformity to the wishes and the preconceptions of 
the manner and the effect which are in the thoughts of him who has 
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the emotion of making an effort, and which the unintelligent power, 
or agent, of course cannot know. Only an intelligent agent could 
know this; and, if the conforming of the effort to this want, knowl- 
edge, and preconception of the effect, must be referred to some intelli- 
gent being, it seems most reasonable to refer it to that which directly 
feels its own want, knows its own perceptions of the mode of gratify- 
ing the want, and its preconceptions of the effect to be produced, to 
all which the effort is to be conformed, and which, at the same time, 
is conscious of making the effort, and of thus conforming and direct- 
ing it by its own knowledge. Between the sensation of making the 
effort, and the antecedent and subsequent knowledge of the subject 
of this sensation, there is a harmony which it seems hardly coneeiva- 
ble should be produced by any power not having this particular knowl- 
edge, and much less by a power incapable of knowing any thing. 

As germane to the whole question of intelligent and material 
power, I will suggest that it would be unphilosophical to assume the 
existence of two primary powers, when one is sufficient to account for 
all the phenomena, and that as it seems hardly conceivable that mat- 
ter should create intelligence with its phenomena—that what does not 
know should create a power to know—while, as already shown, it is 
quite conceivable that intelligence should create all that we kuow cf 
matter and its phenomena, the hypothesis of power in matter should, 
on this ground, be discarded. 

Let us now look at the very curious and interesting experiments 
upon which Prof. Huxley relies for his conelusion that animals, in- 
eluding man, are “conscious automata.” Tle says that, if, when a man 
is so paralyzed that he is wholly unable to move his limbs, and has 
no sensation in them, “you tickle the soles of his feet with a feather, 
the limbs will be drawn up just as vigorously, perhaps a little more 
vigorously, than when he was in full possession of the consciousness 
of what happened to him.” He also states that, in the case of a frog 
similarly paralyzed, the result of irritating the skin of the foot is the 
same: in both cases the foot being drawn from the source of irrita- 
tion. This certainly bears a very close resemblance to the voluntary 
action of an intelligent being, conscious of the irritation, and seeking 
relief from it by its own efforts, Prof. Huxley, however, positively 
asserts that the animal could not feel or will, and this being so; he 
seems to be justified, by common usage, in ealling the action “me- 
chanical.” But, as I have already suggested, this term is applied to 
material phenomena, whether they are results of matter in motion, or 
of the uniform modes of God’s action. 

Other experiments still more remarkable are preseuted. He says: 
“Take this creature (the same frog), which certainly cannot. feel, and 
touch the skin of the side of its body with a little acetic acid, which, 
in a frog that could feel, would give rise to great pain, In this case 
there ean be no pain. . . . Nevertheless, the frog lifts up the limb on 
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the same side, and applies the foot to rubbing off the acetic acid; and 
what is still more remarkable, if yon hold down the limb, so that the 
frog cannot use it, he will, by-and-by, take the limb of the other side 
and turn it across the body, and use it for the same rubbing process.” 

This goes a step further, requiring a more complicated mechanism 
to direct the force, when it fails to move one foot, to the movement of 
the other. Jn stil] another case, he says: “Suppose the foremost two- 
thirds of the brain taken away, the frog is then absolutely devoid of 
any spontancity; it will remain forever where you leave it; it will not 
stir, unless it is touched; . .. but, .. . if yon throw it in the water, 
it begins to swim—swims just as well as the perfect frog does; ... 
and the only way we can account for this is, that the impression made 
on the sensory nerves of the skin of the frog by the contact of the 
water conveys to the central nervous apparatus a stémedus which sets 
going a certain machinery by which all the muscles of swimming are 
brought into play in due order of succession. Moreover, if the frog 
be stimulated, be touched by some irritating body, although we are 
quite certain it cannot feel, it jumps or walks as well as the complete 
frog can do.” 

Most persons, I presume, have seen men and other animals made 
so torpid by injury or disease, that they would show little sign of 
vitality, and great indisposition to make any effort, but that they still 
moved when pricked with a pin has been generally regarded as evi- 
dence that they still felt; and the movements they would make to 
avoid danger, or eseape pain, have been thought to be conclusive that 
they were not “ absolutely devoid of any spontaneity.” 

It is not uncommon for a man, who, in ordinary circumstances 
seemed wholly unable to move his limbs, under great or sudden ex- 
citement, as the approach of fire or sudden apprehension of drowning, 
to make vigorous and successful muscular eflorts. 

The common observer, then, would infer from the foregoing ex- 
periments that Prof. Huxley was not justified in inferring, from the 
fact of mutilation, that the frog was “absolutely devoid of any spon- 
taneity,” and that “ we are quite certain it cannot feel.” Jf the facts 
stated do not prove that the frog still feels, still wills, and still has 
knowledge to direct its efforts to get rid of the irritation, it seems 
difftenlt to devise any mode of proof that a being ever feels, knows, or 
wills, Prof. Huxley admits that we do feel and know, but infers from 
these experiments that we do not will. If his theory of them is eor- 
rect, they seem to afford little ground for this distinction. 

Prof. Huxley, in still another ease, says of a frog deprived of the 
most anterior portion of the brain, that “it will sit forever in, the 
same spot. It sees nothing, it hears nothing,” yet placed on the hand 
would, on the turning of the hand, make all the movements necessary 
to prevent its falling off, and that “these movements are performed 
with the utmost steadiness and precision, and you may vary the posi- 
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tion of your hand, and the frog, so long as you are reasonably slow in 
your movements, will work backward and forward déhe a clock.” Re- 
ferring to this experiment, Prof. Huxley aiterward says: “If the frog 
were a philosopher he might reason thus: ‘1 feel myself uncomfortable 
and slipping, and, feeling myself uncomfortable, I put ny legs ont to 
save nyself, knowing that I shall tumble if I do not put them farther, 
T put them farther still, and my volition brings about all these beau- 
tiful adjustments which result in my sitting sately!? But, if the frog 
so reasoned, he would be entirely mistaken, for the frog does the thing 
just as well when he has no reason, no sensation, 10 possibility of 
thought of any kind. The only conelusion, then, at which there seems 
any good ground for arriving is, that animals are machines, but that 
they are conscions machines.” And he afterward says: ‘“Undoubt- 
edly, Edo hold that the view I have taken of the relations between 
the physical and mental faculties of brutes applies in its fullness and 
entirety to man.” Of this last experiment Prof. Huxley further says: 
“And what is still more wonderful is, that if you put the frog on a 
table, and put a book between him and the light, and give him a little 
jog behind, he will jump (take a long jump, very possibly), but he 
wou’t jump against the book, he will jump to the right or to the left, 
but he will get out of the way, showing that, although he is absolutely 
insensible to ordinary impressions of light, there is still something 
which passes through the sensory nerve, acts upon the machinery of 
his nervons system, and causes it to adapt itself to the proper action.” 
This is certainly very wonderful, and becomes even more so when 
taken in connection with the next ease—that of a man who had been 
shot in the head, and who, Prof. Huxley says, “is in a condition abso- 
lutely parallel to that of the frog,” but afterward says, “very nearly ” 
in the same condition, and also says, “he has only one sense organ in 
a state of activity, namely, that of tonch, which is exceedingly deli- 
eate.” Yet of this man, thus described as virtually in the same condi- 
tion as the frog, except that he has a very delicate sense of touch, we 
are told that, “ifan obstacle is put in his way, he knocks against it, 
feels it, and goes to one side; if yon push him in any direction, he 
goes straight on until something stops him.” 

Tt is certainly very remarkable that the frog, with no sense at all, 
avoids leaping against the obstruetion, while the man, with a delicate 
sense of touch, and other conditions parallel or very nearly the same 
as the frog, knocks against it. It must be a very curious mechanism 
which can make such discrimination in the effects of its action. 

Let us examine the case of the frog a little further. Prof. Huxley 
ascribes its leaping obliquely and not directly forward to “a some- 
thing which passes through the sensory nerve, acts upon the machinery 
of his nervous system, and causes it to adapt itsclf to the proper ac- 
tion,” and this “although he is absolutely insensible to ordinary im- 
pressions of light.” Does Prof. Huxley mean that this ‘something ” 
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passes through the book, and thus reaches the sensory nerve, and that, 
but for the intervening book, it would not pass that way? Under 
some ¢ircunistances, it might be that a conductor would facilitate the 
passuge of a “something ” which world not pass through the air, but 
in this ease there is the diflieulty of getting this “something” to the 
book, and then of sending it forward through the air, The only alter- 
native seems to be to suppose that when there was no intervening 
book, a “something ” passed to the frog which was necessary to cause 
it to jump directly forward, the passage of which the book prevented. 
Neither of these hypotheses seems satisfactory, even if no objection is 
made to the unknown “ something.” 

To those skilled in scientific investigation it may not appear im- 
portant, but I apprehend that many, like myself, not familiar with its 
modes, will regret that the experiment in this case was not pushed 
somewhat further, To find, for instance, what would be the ettect 
when the obstrnetion extended equally to the right and to the left ? 
What if it extended indefinitely both ways? And what, when it 
made an entire circle around the frog in the centre; and what if in 
different positions other than the centre. 

But, even admitting, in all the eases, all that Prof. Huxley claims 
as ascertained facts, what does it al] amount to further than that he 
has brought to light some additional phenomena whieh, like the move- 
ments of the material universe and the pulsations of the heart, must 
be referred to some inscrutable ageney ? He who believes only in 
intelligent power refers them, with all else that he does not effect by 
his own efforts, and which he regards as beyond the power of any 
known embodied intelligence, to a Superior Intelligence, acting 
through the instrumentality of matter or otherwise; while he who 
believes only in material causation attributes them to the influence of 
matter, in some form or some mode of its movement differing from 
those forms and modes which are familiar to him. Nor is it material 
how many steps there may be between the power applied and the 
effect. If there are three or thirty ivory balls in a right line, and the 
first of them is put in motion causing each one successively to impinge 
on the next, the final effect of motion in the last is eaused by the power 
applied to the first. We may by our own efforts put the alleged power 
of matter in action, or may thus aet through the uniform modes of 
God’s action. 

In voluntary mnsenular movement the intermediate effect of a flow 
of blood to the contracting muscle has long been known; now, the 
propagation of molecular movement is ascertained. That we are not 
conscious of the movement of the molecules indicates (though far from 
conelusively) that we do not onrselyes move them, but this does not 
indicate that the museular movement is not the result of onr own effort 
working through other agencies. That he who throws the stone which 
kills a bird docs not know what curve the stone will deseribe, nor by 
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what power its motion is continued after it leaves his hand, docs not 
show that he is not the cause of the killing. 

If the knowledge of the intermediate changes is a neeessary condi- 
tion to the exercise of the power which produces the final result, what 
becomes of the hypothesis of causation by material movements, or 
forees, which know nothing? In regard to the special phenomena in 
hand, it would seem that no power less facile, or less variable and 
adjustable in its application than that of intelligent effort, could be 
adequate; and that no blind power or force, the ettects of which must 
of necessity be uniform, could, from the same conditions, produce such 
diverse effeets as those attributed to the man and the frog. 

Considering the clear line of demarcation which there is between 
those cases of change fur which we are conscious of making effort and 
those for which we are not, I do not see how the discovery of any num- 
ber of cases of the latter discredits the testimony of consciousness as 
to the former, All this exhibition of material phenomena, then, really 
weighs very little on elther side of the question as to the existence of 
intelligent or material causality; and this little, I think, may be fairly 
claimed on the side of the intelligent. 

There is another eriterion which, as Prof. Huxley, in applying a 
somewhat analogous test, has very appropriately said, “though it could 
not be used in dealing with questions which are susceptible of demon- 
stration, is well worthy of consideration in a ease like the present.” 
I cannot demonstrate, but T have great faith in the proposition that all 
progress in truth will increase the happiness and conduee to the eleva- 
tion of man. [also have some faith in the converse of this proposition 
—that whatever tends to diminish our happiness and degrade our posi- 
tion will be found to be not true. 

In this ease, by adopting Prof. Huxley’s views, we should he de- 
prived of all the dignity of conscious power, and with it of all the 
cheering and elevating influences of the performance of duty; for that 
which has no power can have no duties, Instead of companionship 
with a Superior Intelligence, communicating his thoughts to us in the 
grandeur and beauty of the material universe—the poetic imagery, of 
which it is the pure and perfeet type—and in his yet higher and more 
immediate manifestations in the soul, we should be doomed to an in- 
glorious fellowship with insensate matter, and subjected to its blind 
forees. That sublime power—that grandeur of effort by which the 
gifted logician, with resistless demonstration, permeates and ilumi- 
nates realms which it tasks the imagination to traverse; and that yet 
more God-like power by which the poet commands light to be, and 
light breaks through chaos upon his beautiful creations, would no more 
awaken our admiration, or incite us to lofty effort. We should be de- 
graded from the high and responsible position of independent powers 
in the universe—co-workers with God in creating the future—to a 
condition of mere machines and instruments operated by “stimuli” 
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and “ molecules;” and, though still with knowledge and sensibility to 
know and feel our degraded position—“ so abjeet! yet alive ”"—with 
no power to appiy our knowledge in effort to extricate, and to elevate 
ourselves, We might still have the knowledge of good and evil; but, 
having no power to foster the one, or to resist the other, this knowl- 
edge, with all its inestimable consequences—all the aspirations which 
it awakens, and all the incentives to noble deeds which it, in combina- 
tion with effort, alone makes possible—would be lost. And with it, we 
might almost say, there would again be no death, for all mutation new 
being but changes in the indestructible atoms of matter, by means 
of its motion, also indestructible and eternal, there would be little left 
to die, as there would again be little left to live for. For all this, I see 
no compensation in the doctrines now so clearly and frankly presented. 


CELESTIAL CHEMISTRY.’ 
By T. STERRY HUNT, LL. D., F.R.S. 


MONG the most significant advances in chemical theory are 
those relating to the action of heat on bodies. If we detine 
chemistry, as I have been tempted to do, as that science which treats 
of the relations to one another of the different forms of mineral (i. e., 
unorganized) matter, and their transformations under the physical 
agencies of heat, light, and electricity, we shall see how difficult it is, 
in a sketch like this, to draw the line between physics and chemistry. 
This becomes still more evident when we see in light the chemical 
constitution of matter, as it were, revealed and made visible to us by 
the spectroscope, or study the electric current parting in a mysterious 
manner the components of bodies. Time wonld fail us to follow the 
trains of thought thus opened, but I cannot forbear to say somewhat 
of the relations of temperature to chemical species, and of the power 
of heat to unloose the bonds of chemical combination. The admirable 
researches of Grove, followed by those of Henri St.-Claire Deville and 
his fellow-laborers, have shown us that, at an elevated temperature, 
such bodies as water, hydrate of potassium, and hydrochloric acid, are 
more or less completely resolved into their constituent elements, the 
affinities of which are suspended, Jn the principle of dissociation by 
heat we have an explanation of many chemical] reactions hitherto enig- 
matical. The decomposition of bodies by heat is, moreover, assimi- 
lated to the phenomenon of volatilization: the rate of decomposition at 
a given temperature varying with the pressure, and with the nature 
of the atmosphere which surrounds the unstable body. The phenom- 
1 Extract from Dr. Hunt’s Address at the Northumberland Centennial, on “ A Cen- 
tury’s Progress in Theoretical Chemistry.” 
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ena of dissociation are seen in a wonderful degree in the sun, the 
fixed stars, and the nebule, It is not necessary to recall to you the 
marvelous field of celestial chemistry which the spectroscope, in the 
hands of Kirchhoff and his followers, has made known to us, nor the 
proofs that the solar atmosphere contains In a dissociated state very 
many of the elements which in our own planet are met with in a free 
state only in the laboratory of the chemist, It is instructive to com- 
pare the spectra of the various fixed stars with each other, from white 
stars like Sirius, to yellow stars like Aldebaran and our own sun, and 
red stars like Alpha Orionis and Antares, and to note in these three 
classes an increasing complexity of chemical composition. In the first, 
with a predominance of hydrogen, we see only faint lines of magne- 
sium, sodium, calcium, iron, and a few other metals, while in the sec- 
ond, though free hydrogen still abounds, the munber of metallic ele- 
ments is greatly augmented, and finally in the red stars hydrogen is 
seen only in combination, as aqneous vapor, the metals are wanting, 
and the metalloids and their compounds appear. If, in accordance 
with the nebular hypothesis, we look upon these different types of 
stars as representing successive stages in the process of condensation 
from nebula to planet, we may also see in them a gradual evolution 
of the more complex from the simple forms of matter by a process of 
celestial chemistry. Such was the view put forward by F. W. Clarke 
in January, 1873, and some months later by Lockyer, who has reiter- 
ated and enforced these suggestions, and, moreover, connected them 
with the speculations of Dumas on the composite nature of the ele- 
ments. The white stars are the hottest, and in the atmosphere of 
these bodics the various metals, according to Lockyer, make their ap- 
pearance in the order of their vapor-densities, 

I ventured, in 1867, while speculating on the phenomena of dissocia- 
tion, to remark that, although from the experiments of the laboratory 
we can only conjecture the complex nature of the so-called elementary 
substances, we may expect that their “further dissociation in stellar 
or nebulous masses may give us evidence of matter still more ele- 
mental.” Now, while the nebulae, when scanned by the spectroscope, 
show us only the lines of hydrogen and nitrogen, the two lightest 
forms of gascous matter known to chemistry, it is remarkable that the 
recent studies of the solar chromosphere reveal to us the existence of 
an unknown gaseous element which, from its extension beyond even 
the layer of partially cooled hydrogen, must, according to the deduc- 
tions of Mr. Johnson Stoney, be still lighter than this gas. The green 
line by which this substance is distinguished is not as yet identified 
with that of any terrestrial element. Is it not possible that we have 
here that more elemental form of matter which, though not scen in 
the nebule, is liberated by the intense heat of the solar sphere, and 
may possibly correspond to the primary matter conjectured hy Dumas, 
having an equivalent weight one-fourth that of hydrogen? Mention 
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should also be made of the unknown element conjectured by Huggins 
to exist in some nebula, This conception of a first matter or Urstoff’ 
has also been maintained by Iimrichs, who has put forward an argu- 
ment in its favor from a consideration of the wave-lengths in the lines 
of the speetra of various elements. 

It is curious in this connection to note that Lavoisier suggested 
that hydrogen, nitrogen, and oxygen, with heat and light, might be 
regarded as simpler forms of matter from which all others were de- 
rived, The nebule, which we conceive as condensing ito suns and 
planets, show us only two of the three elements of our terrestrial en- 
yelope, which is made up of air and aqneous vapor. If now we aamit, 
as am disposed to do with Mattien Williams, that our atmosphere 
and ocean are not simply terrestrial, but cosmical, and are a portion 
of the medium which, in an attenuated form, fills the interstellary 
spaces, these same nebule and their resulting worlds may be evolved 
by a process of chemical condensation trom this universal atmosphere, 
to which they would sustain a relation somewhat analogous to that 
of clonds and rain to the aqueous vapor around us, This, though it 
may be regarded as a legitimate and plansible speculation, is at pres- 
ent nothing more, and we may hever advance beyond conjecture as 
to the relation of the various forms of so-called elemental matter, and 
to the processes which govern the evolution of the celestial spheres. 
You will, I trust, pardon this excursion to the regions of spaee and 
the realm of imagination into which I have led you, and return with 
me to the consideration of a new chapter in chemical theory. 


——_-+ + > —____ 


REPLY TO TIE CRITICS OF THE BELFAST ADDRESS:.' 
By JOHN TYNDALL, LL. D., F. B.S. 


TAKE advantage of a pause in the issue of this Address, to add a 

few prefatory words to those already printed. 

The world has been frequently informed of late that I have raised 
up against myself a host of enemies; and considering, with few execp- 
tions, the deliverances of the press, and more particularly of the re- 
ligious press, I am forced sadly to admit that the statement is only 
too true. I derive some comfort, nevertheless, from the reflection of 
Diogenes, transmitted to us from Plutarch, that “he who would be 
saved must have good friends or violent enemies; and that he is best 
off who possesses both.” This “best” condition, I have reason to be- 
lieve, is mine, 

%eflecting on the fraction I have read of recent remonstrances, ap- 


! Preface to the seventh edition of the Address before the British Association at 
Belfast, with an Appendix on “Scientifie Materialism,” ete. D. Appleton & Co. 
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peals, menaces, and judgments—covering not only the world that now 
is, but that which is to come—it has interested ine to note how triv- 
ially men seem to be influenced by what they eall their religion, and 
how potently by that “nature” which it is the alleged province of re- 
ligion to eradieate or subdue. From fair and manly argument, from 
the tenderest and holiest sympathy on the part of those who desire 
my eternal good, I pass by many gradations, through deliberate un- 
fairness, to a spirit of bitterness which desires, with a fervor inex- 
pressible in words, my eternal ill. Now, were religion the potent fac- 
tor, we might expect a homogeneous utterance from those professing 
a common ereed; while, if huinan nature be the really potent faetor, 
we may expect utterances as heterogeneous as the characters of men. 
As a matter of fact we have the latter; suggesting to my mind that 
the common religion professed and defended by these different people 
is merely the aceidental conduit through which they pour their own 
tempers, lofty or low, courteous or vulgar, mild or ferocious, holy or 
unholy, as the ease may be. Pure abuse, however, I have deliberately 
avoided reading, wishing to keep, not only hatred, maliee, and unchar- 
itableness, but even every trace of irritation, far away from my side 
of a discussion which demands not only good temper, but largeness, 
clearness, and many-sidedness of mind, if it is to guide us even to pro- 
visional solutions. 

At an early stage of the controversy a distingnished professor of 
the University of Cambridge was understood to argue—and his argu- 
ment was caught up with amusing eagerness by a portion of the reli- 
gious press—that my ignorance of mathematics renders me incompe- 
tent to speculate on the proximate origin of life. Had I thought his 
argument relevant, my reply would have been simple; for before me 
lies a printed doeument, more than twenty-two years old, bearing the 
signature of this same learned professor, in which he was good enough 
to testify that Iam “well versed in pure mathematies.” 

In conneetion with his Innitation of speculative capacity to the 
mathematician, the gentleman just referred to offered what he consid- 
ered a conelusive proof of the being of a God, This solemn problem 
he knocked off ina single paragraph. It interests me profoundly to 
reflect upon the difference between the state of mind which could rest 
satisfied with this performance and that of the accomplished poet, and 
more than aceomplished critic, who in “Literature and Dogma” pro- 
nounces the subject of the professor’s demonstration “an unverifiable 
hypothesis.” Whence this difference? Were the objective facts de- 
cisive, both writers would come to the same conclusion: the divergence 
is, therefore, to be referred to the respective snbjective organs which 
take the outward evidence in. When I turn, as I have done from 
time to time for years, to the articles and eorrespondence in our theo- 
logieal jonrnals, and try to gather from them what our religious teach- 
ers think of this universe and of each other, they seem to me to be as 
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far removed from nincteenth-century needs as the priests of the Ho- 
meric period. Omniscience might see in our brains the physical cor- 
relatives of our differences; and, were these organs imeapable of change, 
the world, despite this internal commotion, would stand still as a whole. 
But happily that Power which, according to Mr, Arnold, “ makes for 
righteousness” is intellectual as well as ethical; and by its operation, 
not as an outside but as an inside factor of the brain, even the mis- 
taken efforts of that organ are finally overruled in the interests of truth. 


It has been thought, and said, that, in the revised Address as here 
published, I have retracted opinions uttered at Belfast. A Roman 
Catholic writer, who may be taken as representative, is specially strong 
upon this point. Startled by the deep chorus of dissent with which 
my dazzling fallacies have been received, he convicts me of trying to 
retreat from my position. This he will by no means tolerate. “Jt is 
too late now to seek to hide from the eyes of mankind one foul blot, 
one ghastly deformity. Prof. Tyndall has himself told us Low and 
where this Address of his was composed. It was written among the 
glaciers and the solitudes of the Swiss mountains, Jt was no hasty, 
hurried, erude production; its every sentence bore marks of thought 
and care.” 

My critic intends to be severe: he is simply just. In the “soli- 
tudes” to which he refers I worked with deliberation ; endeavoring 
even to purify my intellect by disciplines similar to those enjoined 
by his own Charch for the sanctification of the soul. IJ tried in my 
ponderings to realize not only the lawful, but the expedient; and to 
permit no fear to act upon my mind save that of uttering a single 
word on which I could not take my stand, either in this or any other 
world. 

Still my time was so brief, and my process of thought and expres- 
sion so slow, that, in a literary point of view, I halted, not only be- 
hind the ideal, but behind the possible. Hence, after the delivery of 
the Address, I went over it with the desire, not to revoke its princi- 
ples, but to improve it verbally, and above all to remove any word 
which might give color to the notion of “heat and haste.” In hold- 
ing up as a warning to writers of the present the errors and follies of 
the denouncers of the past, I took occasion to compare the intellectual 
propagation of such denouncers to that of thistle-germs ; the expres- 
sion was thought offensive, and I omitted it. It is still omitted froin 
the Address. ‘There was also another passage, which ran thus: “It is 
vain to oppose this force with a view to its extirpation. What’ we 
should oppose, to the death if necessary, is every attempt to found 
upon this elemental bias of man’s nature a system which should exer- 
cise despotic sway over his intellect. J do not fear any such consum- 
mation. Science has already, to some extent, leavened the world, and 
it will leaven it more and more. J should look upon the mild light 
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of science breaking in upon the minds of the youth of Ireland, and 
strengthening gradually to the perfect day, as a surer check to any 
intellectual or spiritual tyranny which might threaten this island than 
the laws of princes or the swords of emperors. Where is the cause of 
fear? We fought and won our battle even in the middle ages; why 
should we doubt the issue of a conflict now ?” 

This passage also was deemed unnecessarily warm, and I therefore 
omitted it. It was an act of weakness on my part to do so, For, 

‘considering the aims and acts of that renowned and remorscless or- 
ganization which for the time being wields the entire power of my 
critic’s Church, not only resistance to its further progress, but, were 
it not for the intelligence of Roman Catholic laymen, positive restric- 
tion of its present power for evil, might well become the necessary at- 
titude of society as regards that organization. With some slight ver- 
bal alterations, therefore, which do not impair its strength, the passage 
has been restored, 

My critic is very hard upon the avowal in my preface regarding 
atheism. But I frankly confess that his honest hardness and hos- 
tility are to me preferable to the milder but less honest treatment 
which the passage has received from members of other churches. He 
quotes the paragraph, and goes on to say: “ We repeat this isa most 
remarkable passage. Much as we dislike seasoning polemics with 
strong words, we assert that this apology only tends to affix with 
links of steel to the name of Prof, Tyndall the dread imputation against 
which he struggles.” 

Here we have a very fair example of subjective religious vigor. 
But my quarrel with such exhibitions is that they do not always rep- 
resent objective fact. No atheistic reasoning can, I hold, dislodge 
religion from the heart of man. Logie cannot deprive us of life, and 
religion is life to the religions. As an experience of consciousness, it 
is perfectly beyond the assaults of logic. But the religious life is often 
projected in external forms—I use the word in its widest sense—by no 
means beyond the reach of logic, which will have to bear—and to do 
so more and more as the world becomes more enlightened—compari- 
son with facts. The subjective energy to which I have just referred 
is also a fact of consciousness not to be reasoned away. My critic 
feels, and takes delight in feeling, that I am struggling, and he ob- 
viously experiences the most exquisite pleasures of “the muscular 
sense”? in holding me down. His feelings ure as real as if his imagi- 
nation of what mine are were equally real. His picture of my “ strug- 
gles” is, however, a mere phantasm. I do not struggle. I do not 
fear the charge of atheism; nor should [ even disavow it, in refer- 
ence to any definition of the Supreme which he, or his order, would 
be likely to frame. THis “links” and his “steel” aud his “dread im- 
putations” are, therefore, even more unsubstantial than my “ streaks 
of morning cloud,” and they may be permitted to vanish together, 
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What are the conceptions in regard to which I place myself in the 
position here indicated? The pope himself provides me with an an- 
swer. In the Eneyelical Letter of December, 1864, his Holiness writes: 
“Tn order that God may accede more easily to our and your prayers, 
let us employ in all confidence, as our Mediatrix with Him, the Virgin 
Mary, Mother of God, who sits as a Queen on the right hand of her 
only-begotten Son, in a golden vestment, clothed around with various 
adornments.” 

In regard to this, as to other less pictorially anthropomorphic and 
sartorial conceptions of the Supreme, I stand in an attitude of unbe- 
lief; for, taken in connection with what is known of the extent, or- 
ganization, and general behavior of this universe, they lack the con- 
gruity necessary to commend them to me as truth. 


Soon after the delivery of the Belfast Address, the Protestant 
Bishop of Manchester did me the honor of noticing it; and, in refer- 
ence to that notice, a brief and, I trust, not uncourteous remark was 
introduced into my first preface, Since that time the bishop’s refer- 
ences to me have been very frequent, Assuredly this is to me an un- 
expected honor, Still a doubt may fairly be entertained whether this 
incessant speaking before public assemblies on emotional subjects does 
not tend to disturb that equilibrium of head and heart which it is 
always so desirable to preserve—whether, by giving an injurious pre- 
dominance to the feelings, it does not tend to swathe the intellect in 
a warm haze, thus making the pereeption, and consequent rendering 
of facts, indefinite, if not untrue. It was to the bishop I referred in 
a recent brief discourse? as “an able and, in many respects, a coura- 
geous man, running to and fro upon the earth, and wringing his hands 
over the threatened loss of his ideals.” It is doubtless to this sorrow- 
ing mood—this partial and, I trust, temporary overthrow of the judg- 
ment by the emotions—that JT must ascribe a probably unconscious, 
but still grave, misrepresentation contained in the bishop’s last refer- 
ence tome, In the Zimes of November 9th, he is reported to have 
expressed himself thus: “In his lecture in Manchester, Prof. Tyndall 
as much as said that at Belfast he was not in his best mood, and that 
his despondency passed away in brighter moments.” Now, consider- 
ing that a verbatim report of the lecture was at hand in the Alanchester 
Evaminer, and that my own corrected edition of it was to be had for 
a penny, the bishop, I submit, might have afforded to repeat what I 
actually said, instead of what I “as much as said.” J am sorry to 
add that his rendering of my words is a vain imagination of his own. 
In my lecture at Manchester there was no reference, expressed or im- 
plied, to my moods in Belfast. 

To all earnest and honest minds acquainted with the paragraph of 
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ny first preface, on which the foregoing remark of Bishop Fraser, and 
similar remarks of his ecclesiastical colleagues, not to mention those 
of less responsible writers, are founded, I leave the decision of the 
question whether their mode of presenting this paragraph to the pub- 
lic be straightforward or the reverse. 


These minor and more purely personal matters at an end, the 
weightier allegation remains—that at Belfast [misused my position by 
quitting the domain of science, and making an unjustifiable raid into 
the domain of theology. This I fatl to see. Laying aside abuse, I 
hope my aeeusers will consent to reason with me. Is it not competent 
for a scientific man to speculate on the antecedents of the solar sys- 
tem? Did Kant, Laplace, and William Herschel, quit their legitimate 
spheres when they prolonged the intellectual vision beyond the boun- 
dary of experienze, and propounded the nebular theory? Aceepting 
that theory as probable, is it not permitted to a scientific man to fol- 
low up in idea the series of changes associated with the condensation 
of the nebule; to picture the successive detachment of planets and 
moons, and the relation of all of themto the sun? If Ll look upon our 
earth, with its orbital revolution and axial rotation, as one small issue 
of the process which made the solar system what it is, will any theo- 
logian deny my right to entertain and express this theoretic view ? 
Time was when a multitude of theologians would be found to do so 
—when that areh-enemy of science which now vaunts its tolerance 
would have made a speedy end of the man who might venture to publish 
any opinion of the kind. But that time, unless the world is caught 
strangely slumbering, is forever past. 

As regards inorganic Nature, then, I may traverse, withont let or 
hinderance, the whole distance whieh separates the nebule from the 
worlds of to-day. But only a few years ago this now conceded ground 
of science was theological ground. Icould by no means regard this 
as the final and sufficient concession of theology; and at Belfast I 
thought it not only my right but my duty to state that, as regards the 
organic world, we must enjoy the freedom which we have already won 
in regard to the inorganic. Ieould not diseern the shred of a title- 
deed which gave any man, or any elass of men, the right to open the 
door of one of these worlds to the scientific searcher, and to close the 
other against him. And I considered it frankest, wisest, and in the 
long-run most conducive to permanent peace, to indicate without eva- 
sion or reserve the ground that belongs to Seience, and to which she 
will assuredly make good her claim. 

Considering the freedom allowed to all manner of opinions in Eng- 
land, surely this was no extravagant position for me to assume. I 
have been reminded that an eminent predecessor of mine in the presi- 
dential chair expressed a totally different view of the Cause of things 
from that enunciated by me. In doing so he transgressed the bounds 
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of science at least as much as I did; but nobody raised an outery 
against him, he freedom that he took I claim, but in a more purely 
scientific direction. And looking at what I must regard as the extrav- 
agances of the religious world; at the very inadequate and foolish 
notions concerning this universe entertained by the majority of our 
religious teachers; at the waste of energy on the part of good men 
over things unworthy, if I might say it without discourtesy, of the at- 
tention of enlightened heathens: the fight about the fripperies of 
Litualism, the mysteries of the Eucharist, and the Athanasian Creed ; 
the forcing on the public view of Pontigny Pilgrimages; the dating 
of historic epochs from the definition of the Immaculate Conception ; 
the proclamation of the Divine Glories of the Sacred Heart—standing 
in the midst of these insanities, it did not appear to me extravagant 
to claim the public tolerance for an hour and a half for the statement 
of what I hold to be more reasonable views: views more in accord- 
ance with the verities which science has brought to light, and whieh 
many weary souls would, I thought, welcome with gratification and 
relief. 

But to come to closer quarters. The expression to which the most 
violent exception has been taken is this: “ Abandoning all disguise, 
the confession I feel bound to make before you is that I prolong the 
vision backward across the boundary of the experimental evidence, 
and discern, in that Matter which we, in our ignorance, and notwith- 
standing our professed reverence forits Creator, have hitherto covered 
with opprobrium, the promise and potency of every form and quality 
of life.” To call it a “chorus of dissent,” as my Catholic critic does, 
is aimild way of describing the storm of opprobrium with which this 
statement has been assailed. But, the first blast of passion being past, 
T hope I may again ask my opponents to consent to reason, First of 
all, Tam blamed for crossing the boundary of the experimental evi- 
dence, Treply that this is the habitual action of the scientific mind—at 
least of that portion of it which applies itself to physical investigation. 
Our theories of light, heat, magnetism, and electricty, all imply the 
crossing of this boundary. My paper on the “Scientific Use of the 
Imagination ” illustrates this point in the amplest manner; and in the 
lecture above referred to I have sought, incidentally, to make clear 
how in physics the experiential incessantly leads to the ultra-experi- 
ential; how out of experience there always grows something finer than 
mere experience, and that in their different powers of ideal extension 
consists for the most part the difference between the great and the 
mediocre investigator. The kingdom of science, theu, cometh not by 
observation and experiment aloue, but is completed by fixing the roots 
of observation aud experiment in a region inaccessible to both, and in 
dealing with which we are forced to fall back upon the picturing power 
of the mind, 

Passing the boundary of experience, therefore, does not, in the 
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abstract, constitute a sufficient ground for censure. There must have 
been something in my particular mode of crossing it which provoked 
this tremendous “ chorus of dissent.” 

Let us calmly reason the point out. I hold the nebular theory as 
it was held by Kant, Laplace, and William Herschel, and as it is held 
by the best scientific intelleets of to-day. According to it, our sun and 
planets were once diffused through space as an impalpable haze, out 
of which, by condensation, came the solar system. What caused the 
haze to condense? Loss of heat. What rounded the sun and planets ? 
That which rounds a tear—molecular force, For vous, the immensity 
of which overwhelms man’s conceptions, the earth was unfit to main- 
tain what we call life. Itis now covered with visible living things. 
They are not formed of matter different from that of the earth around 
them. They are, on the contrary, bone of its bone and flesh of its 
flesh, Tow were they introduced? Was life implicated in the nebulz 
—as part, it may be, of a vaster and wholly Incomprehensible Life; or 
is it the work of a Being standing outside the nebulw, who fashioned it 
asa potter does his clay, but whose own origin and ways are equally 
past finding out? As far as the eye of science has hitherto ranged 
through Nature, no intrusion of purely creative power into any series 
of phenomena has ever been observed, ‘The assumption of such a 
power to account for special phenomena has always proved a failure. 
It is opposed to the very spirit of science, and I therefore assumed the 
responsibility of holding up in contrast with it that method of Nature 
which it has been the voeation and triumph of science to disclose, and 
in the application of which we can alone hope for further light. Told- 
ing, then, that the nebulw and all subsequent life stand to each other 
in the relation of the germ to the finished organism, I reaffirm here, 
not arrogantly, or defiantly, but without a shade of indistinetness, the 
position laid down in Belfast. 

Not with the vagueness belonging to the emotions, but with the 
definiteness belonging to the understanding, the scientific man has to 
put to himself these questions regarding the introduction of life upon 
the earth. He will be the last to dogmatize upon the subject, for he 
knows best that certainty is here for the present unattainable. His 
refusal of the creative hypothesis 7s less an assertion of knowledge 
than @ protest against the assumption of knowledge which must long, 
if not forever, lie beyond us, and the claim to which is the source of 
manifold confusion upon earth. With a mind open to conviction, he 
asks his opponents to show him an authority for the belief they so 
strenuously and so fiercely uphold. They can do no more than point to 
the Book of Genesis, or some other portion of the Bible, Profoundly 
interesting and indeed pathetic to me are those attempts of the open- 
ing mind of man to appease its hunger for a Cause. But the Book of 
Genesis has no voice In sctentifie questions. To the grasp of geology, 
which it resisted for a time, it at length yielded like potter’s clay ; its 
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authority as a system of cosmogony being discredited on all hands by 
the abandoument of the obvious meaning of its writer, It is a poem, 
not a scientific treatise. In the former aspect it is forever beautiful ; 
in the latter aspect it has been, and it will continue to be, purely ob- 
structive and hurtful. To Anowledge its value has been negative, 
leading, in rougher ages than ours, to physical, and even in our own 
“free” age, as exemplified in my own ease, to moral violence. 

To the student of cause and effect no incident connected with the 
proceedings at Belfast is more instructive than the deportment of the 
Catholic hierarchy of Ireland ; a body usually wise enough not to con- 
fer notoriety upon an adversary by imprudently denouncing him. The 
Limes, to which I owe nothing on the score of sympathy, but a great 
deal on the score of fair play, where so much has been unfair, thinks 
that the Trish cardinal, archbishops, and bishops, in their recent 
manifesto, promptly and adroitly employed a weapon which J, at an 
unlucky moment, had placed in their hands, The antecedents of their 
action cause me to regard it in a different light ; and a brief reference 
to these antecedents will, I think, illuminate not only their proceed- 
ings regarding Belfast, but other doings which have been recently 
noised abroad. 

Before me lies a document, bearing the date of November, 1873, but 
which, after appearing for a moment, unaccountably vanished from 
public view. Jt is a memorial addressed by seventy of the students 
and ex-students of the Catholic University in Ireland to the Episcopal 
Board of the University. This is the plainest and bravest remon- 
strance ever addressed by Irish laymen to their spiritual pastors and 
masters. It expresses the profoundest dissatisfaction with the cur- 
riculum marked out for the students of the university; setting forth 
the extraordinary fact that the leeture-list for the faculty of Science, 
published a month before they wrote, did not contain the naine of a 
single professor of the Physical or Natural Sciences. 

The memorialists forcibly depreeate this, and dwell upon the neces- 
sity of education in science: “The distinguishing mark of this age is 
its ardor for science. The natural sciences have, within the last fifty 
years, become the chiefest study in the world; they are in our time 
pursued with an activity unparalleled in the history of mankind, 
Scarce a year now passes without some discovery being made in these 
sciences which, as with the touch of a magician’s wand, shivers to 
atoms theories formerly deemed unassailable. It is throngh the physi- 
eal and natural sciences that the fiercest assaults are now made on our 
religion. No more deadly weapon is used against our faith than the 
facts incontestably proved by modern researches in science,” 

Such statements must be the reverse of eomfortable to a number 
of gentlemen who, trained in the philosophy of Albertus Magnus and 
Thomas Aquinas, have been accustomed to the unquestioning subimis- 
sion of all other sciences to their divine science of Theology. But 
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something more remains: “One thing seems certain,” say the memo- 
rialists, viz, “that if chairs for the physical and natural sciences be 
not soon founded in the Catholic University, very many young men 
will have their faith exposed to dangers which the creation of a school 
of science in the university would defend them from, For our gen- 
eration of Irish Catholics are writhing under the sense of their infe- 
riority in science, and are determined that such inferiority shall not 
long continue; and so, if scientific training be unattainable at our 
university, they will seek it at Trinity, or at the Queen’s Colleges, 
in not one of which is there a Catholic professor of science.” 

Those who imagined the Catholic University at Kensington to be 
due to the spontaneous recognition on the part of the Roman hierar- 
chy of the inteHectual needs of the age, will derive enlightenment 
from this, and still more from what follows; for the most formidable 
threat remains. To the picture of Catholic students seeeding to Trin- 
ity and the Queen’s Colleges, the memorialists add this darkest stroke 
of all: “They will, in the solitude of their own homes, unaided by 
any guiding advice, devour the works of Hiickel, Darwin, Iuxley, 
Tyndall, and Lyell; works innocuous if studied under a professor who 
would point out the difference between established facts and erroneous 
inferences, but which are calculated to sap the faith of a solitary stu- 
dent, deprived of a discriminating judgment to which he could refer 
for a solution of his difficulties.” 

In the light of the knowledge given by this courageons memorial, 
and of similar knowledge otherwise derived, the recent Catholic mani- 
festo did not at all strike me as a chuckle over the mistake of a mala- 
droit adversary, but rather as an evidence of profound uneasiness on 
the part of the cardinal, the archbishops, and the bishops who signed it. 
They acted toward it, however, with their accustomed practical wisdom. 
As one concession to the spirit which it embodied, the Catholie Uni- 
versity at Kensington was brought forth, apparently as the cfleet of 
spontaneous inward force, and not of outward pressure which was 
rapidly becoming too formidable to be successfully opposed. 

The memorialists point with bitterness to the fact that “the name 
of no Trish Catholic is known in connection with the physical and 
natural sciences.” But this, they ought to know, is the complaint of 
free and cultivated minds wherever the priesthood exercises dominant 
power, Precisely the same complaint has been made with respect to 
the Catholies of Germany. The great national literature and scien- 
tific achievements of that country in modern times are almost wholly 
the work of Protestants ; a vanishingly small fraction of it only being 
derived from members of the Roman Church, although the number of 
these in Germany is at least as great as that of the Protestants. “The 
question arises,” says a writer in a German periodical, “what is the 
canse of a phenomenon so humiliating to the Catholics? It cannot be 
referred to want of natural endowment due to climate (for the Prot- 
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estants of Southern Germany have contributed powerfully to the 
creations of the German intellect), but purely to outward cireum- 
stances, And these are readily discovered in the pressure exercised 
for centuries by the Jesnitical system, which has erushed out of Cath- 
olies every tendeney to free mental productiveness,” It is, indeed, in 
Catholic countries that the weight of ultramontanism has been most 
severely felt. It is in such countries that the very finest spirits, who 
have dared, without quitting their faith, to plead for freedom or reform, 
have suffered extinction. The extinction, however, was more apparent 
than real, and Hermes, Hirscher, and Giinther, though individually 
broken and subdued, prepared the way in Bavaria for the persecuted 
but unilinehing Frohschammer, for Ddllinger, and for the remarkable 
liberal movement of which Dollinger is the head and guide. 

Though managed and moulded for centuries to an obedience un- 
paralleled in any other country, except Spain, the Irish intellect is be- 
ginning to show signs of independence, demanding a diet more suited 
to its years than the pabulum of the middle ages. As for the recent 
manifesto where pope, cardinal, archbishops, and bishops, may now 
be considered as united in one grand anathema, its character and fate 
are shadowed forth by the vision of Nebuchadnezzar, recorded in the 
Book of Daniel. It resembles the image, whose form was terrible, but 
the gold, and silver, and brass, and iron of which rested upon feet of 
clay. And a stone smote the feet of clay, and the iron, and the brass, 
and the silver, and the gold, were broken in pieces together, and be- 
eame like the chaff of the’summer threshing-floors, and the wind car- 
ried them away. 

There is something in Jesuitism profonndly interesting, and at the 
same time clearly intelligible, to men of strong intellects and deter- 
mined will. The weaker spirits, of whom there are many among us, 
it simply fascinates and subdues. From the study of his own inward 
forces, and their possible inisapplication, the really determined man 
ean understand bow possible it is, having once chosen an aim, to reach 
it in defiance of every moral restraint—to trample under foot, by an 
obstinate effort of volition, the dictates of honesty, honor, merey, and 
truth; and to pursne the desired end, if need be, through their destrue- 
tion. This force of will, relentlessly applied, and working through 
submissive instruments, is the strength of Jesuitism. 

Pure, honest fanaticism often adds itself to this force, and some- 
times acts as its equivalent. Illustrations of this are not far to seek, 
for the dazzling prize of England, converted to the true faith, is suti- 
cient to turn weak heads. Whien it is safely caged, it is interesting to 
wateh the operations of this form of energy. In a sermon on the Per- 
petual Office of the Council of Trent, preached before the Right Rev- 
erend Fathers assembled in Synod, the Archbishop of Westminster 
has given us the following sample of it: “As the fourth century was 
glorious by the definition of the Godhead and the Consubstantial Son, 
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and the fifth by that of his two perfect natures, and the thirteenth by 
that of the procession of the Holy Ghost, so the nineteenth will be 
glorious by the definition of the Immaculate Conception. Right Rev, 
Fathers,” continues this heated proselyte, “ you have to call the legion- 
aries and the tribunes, the patricians and the people, of a conquering 
race, and to subdue, change, and transform them one by one to the 
Hkeness of the Son of God. Surely a soldier’s eye and a soldier’s 
heart would choose by intuition this field of England for the warfare 
of the faith. It is the head of Protestantism, the centre of its move- 
ments, and the stronghold of its powers. Weakened in England, 
it is paralyzed everywhere; conquered in England, it is conquered 
throughout the world. Once overthrown here, all is but a war of de- 
tail: it is the key of the whole position of modern error.” This is 
the propaganda which England has to stem. What mere stubble a 
dilettunte ritualist or a weak-headed nobleman must be when acted 
upon by this fiery breath of fanaticism! The only wonder is that 
weak heads, which are so assiduously and deliberately sought out, 
are not more plentiful than they are. 

Monsignor Capel has reeently been good enough to proclaim at 
once the friendliness of his Church toward true science, and ber right 
to determine what true science is, Let us dwell for a moment on the 
historic proofs of her scientific competence. When Halley’s comet 
appeared in 1456, it was regarded as the harbinger of God’s ven- 
geance, the dispenser of war, pestilenee, and famine, and, by order of 
the pope, all the church-bells in Europe were rung to scare the mon- 
ster away. An additional daily prayer was added to the supplica- 
tions of the faithful. The comet in due time disappeared, and the 
faithful were comforted by the assnrance that, as in previous instances 
relating to eclipses, droughts, and rains, so also as regards this “ nefa- 
rious” comet, victory had been youchsafed to the Church. 

Both Pythagoras and Copernicus had tanght the heliocentric doc- 
trine—that the earth revolved round the sun. In the exereise of her 
right to determine what true science is, the Church, in the pontificate 
of Paul V., stepped in, and, by the mouth of the holy Congregation 
of the Index, delivered, on March 5, 1616, the following decree: 

And whereas it hath also come to the knowledge of the said holy 
congregation that the fulse Pythagorean doctrine of the mobility of 
the earth and the immobility of the sum, entirely opposed to Holy 
Writ, which is taught by Nicolas Copernicus, is now published abroad 
and received by many—in order that this opinion may not further 
spread, to the damage of Catholic truth, it is ordered that this and all 
other books teaching the like doctrine be suspended, and by this decree 
they are all respectively suspended, forbidden, and condemned. 

Though often quoted, I thought the never-dying flavor of this cele- 
brated deeree would not be disagreeable to some of my readers. It 
is pleasant to be able to say that the very doctrine here pronounced 
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“false,” “opposed to Holy Writ,” and “ damaging to Catholic trath,” 
Sciaves has persnaded even Ntonti ignor Capel to accept. 

But it is a constant terdeney rather than a single fact which is 
chiefly important here, and a few jottings will show with snfficient 
plaimness what this tendeney has ever been. The fate of Giordano 
Bruno is referred to in my Belfast Address. For a further reference 
to him I would direct the reader to a brie! passage in the Appendix 
to the same, The case of Galileo is also touched upon; and to this it 
may be added here that he died the prisoner of the Inquisition, which, 
true to its instincts, fellowed him beyond the grave, disputing his right 
to make a will, mid denying him burial in consecrated ground,’ 

Agam, the famous Academia del Cimento was established at Flor- 
ence In 1657, and held its meetings in the dneal palace. It lasted ten 
years, and was then suppressed at the instance of the Papal Govern- 
ment, As an. equivalent, the brother of the grand-duke was made a 
cardinal. The Jesnits were less successful in Bavaria in 1759; for 
they did their best, but vainly, to prevent the fonnding of the Academy 
of Sciences in Munich, Their waning power was indicated by this 
fact, and in 1773 Pope Clement NIV. dissolved the order, The de- 
cree was to be “irrevocable;” the Society of Jesns was “never to be 
restored ;” still, in 1814, an infallible follower of Clement, Pope Pins 
VII, undid the work of his equally infallible predecessor, and revoked 
his deeree, 

But why go back to 1456? .Far be it from me to charge by-gone 
sins upon Monsignor Capel’s Church, were it not for her practices to- 
day. The most applanded dogmatist of the Jesuits is, lam informed, 
Perrone. Thirty editions of a work of his have been scattered alone 
in all lands by a society to which he belongs. His notions of phiysi- 
cal astronomy are quite in accordance with those of 1456. He teaches 
boldly that “ God does not rnle by universal law... . that when God 
[obviously a Big Man] orders a given planet to stand still he does not 
detract from any law passed by himsclf, but orders that planet to 
move round the sun for such and such a time, then to stand still, and 
then again to move, as his pleasure may be,” Jesuitism proseribed 
Frohschammer fer questioning its favorite dogma that every human 
soul was created by a direct supernatural act of God, and for asserting 
that man, body and soul, came from his parents. This is the society 
that now strives for universal power; it is from it, as Monsignor Capel 
graciously informs us, that we are to learn what is allowable in science 
and what is not! 

Jn the face of sneh facts, which might be multiplied at will, it re- 
quires extraordinary bravery of mind, or a reliance npon public igno- 
rance almost as extraordinary, to make the claims nade by Monsignor 
Capel for his Chureh. 

A German author, speaking of one who has had bitter expericnee 


1 Draper, “Trial of Galileo.” 
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in this line, describes those Catholic writers who refuse to submit to 
the Congregation of the Index as outlawed; fair subjects for moral 
assassination.’ This is very strong; and still, judging from my own 
small experience, not too strong. In reference to this pomt 1 would 
ask indulgence for a brief personal allusion here. It will serve a two- 
fold object, one of which will be manifest, the other being reserved for 
possible future reference. Sprung from a souree to which the Bible 
was specially dear, my early training was confined almost exclusively 
to it. Born in Ireland, I, like my predecessors for many generations, 
was tanght to hold my own against the Church of Rome. I had a 
father whose memory ought to be to me a stay, and an example of un- 
bending rectitude and purity of life. Thesmall stock to which he be- 
longed were scattered with various fortunes along that eastern rim of 
Leinster, from Wexford upward, to which they crossed from the Bris- 
tol Channel. My father was the poorest of them. Still, in his socially 
low but mentally and morally independent position, by his own inner 
energies and affinities, he obtained a knowledge of history which would 
put mine to shame; while the whole of the controversy between Prot- 
estantism and Romanism was at his finger’s ends. At the present mo- 
ment the works and characters which ocenpied him come, as far-off 
recollections, to my mind: Claude and Bossuet, Chillingworth and 
Nott, Tillotson, Jeremy Taylor, Challoner and Milner, Pope and Me- 
Guire, and others whom I have forgotten, or whom it is needless to 
name. Still this man,so charged with the ammunition of controversy, 
was so respected by his Catholic fellow-townsmen, that they one and 
all put up their shutters when he died. 

With sach a preceptor, and with an hereditary interest in the papal 
controversy, I naturally mastered it. I did not confine myself to the 
Protestant statement of the question, but made myself also acquainted 
with the argunents of the Church of Rome. I remember to this hour 
the interest and surprise with which I read Challoner’s “Catholic 
Christian Instructed,” and on the border-line between boyhood and 
manhood I was to be found taking part in controversies in which the 
rival faiths were pitted against each other. I sometimes took the 
Catholic side, and gave my Protestant antagonist considerable trouble. 
The views of Irish Catholics became thus intimately known to me, and 
there was no doctrine of Protestantism which they more emphatically 
rejected, and the ascription of which to them they resented more 
warmly, than the doctrine of the pope’s personal infallibility. Yet, in 
the face of this knowledge, it was obstinately asserted and reasserted 
in my presence some time ago, by a Catholic priest, that the doc- 


1 See the case of Frohschammer as sketched by a friend in the Preface to “ Christen- 
thum und die moderne Wissenschaft.” His encmies contrived to take his bread, in great 
part, away, but they failed to subdue him, and not even the Pope’s nuncio could pre- 
vent five hundred students of the University of Munich from signing an address to their 
professor. 
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trine of the infallibility of the pope had always been maintained in 
Treland.’ 

But this is an episode, intended to disabuse those who, in this coun- 
try or the United States, may have been misled in regard to the per- 
sonal points referred to. J now return to the impersonal. The course 
of life upon earth, as far as Science can see, has been one of ameliora- 
tion—a steady advance on the whole from the lower to the higher. 
The continued effort of animated Nature is to improve its eonditions 
and raise itself to a loftier level. In man, improvement and ameliora- 
tion depend largely upon the growth of conscious knowledge, by 
which the errors of ignorance are continually moulted and truth is 
organized. It is assuredly the advance of knowledge that has given a 
materialistic color to the philosophy of this age. Materialism is, there- 
fore, not a thing to be mourned over, but to be honestly considered— 
accepted if it be wholly true, rejected if it be wholly false, wisely sifted 
and turned to account if it embrace a mixture of truth and error. Of 
late years the study of the nervous system and ofits relation to thought 
and feeling has profoundly oceupied inquiring minds. It is our duty 
not to shirk—it ought rather to be our privilege to accept—the estab- 
lished results of such inquiries, for here assuredly our ultimate weal 
depends upon our loyalty to the truth. Instructed as to the control 
which the nervous system exercises over man’s moral and intellectual 
nature, we shall be better prepared, not only to mend their manifold 
defects, but also to strengthen and purify both. Is mind degraded 
by this recognition of its dependence? Assuredly not. Matter, on 
the contrary, is raised to the level it ought to oceupy, and from which 
timid ignorance would remove it. 

But the light is dawning, and it will become stronger as time goes 
on, Even the Brighton Congress affords evidence of this. From the 
manifold confusions of that assemblage my memory has rescued two 
items which it would fain preserve: the recognition of a relation be- 
tween Health and Religion, and the address of the Rev. Harry Jones. 
Out of the conflict of vanities his words emerge fresh, healthy, and 
strong, because undrugged by dogma, coming direetly from the warm 
brain of one who knows what practical truth means, and who has faith 
in its vitality and inherent power of propagation. I wonder is he less 
effectualin his ministry than his more embroidered colleagues? It 
surely behooves our teachers to come to some definite understanding 
as to this question of health: to see how, by inattention to it, we are 
defrauded, negatively, by the privation of that “sweetness and light” 
which is the natural concomitant of good health; positively, by the 
insertion into life of cynicism, ill-temper, and a thousand corroding 


? On a memory which dates back to my fifteenth year, when I first read the discus- 
sion between Mr. Pope and Father McGuire, I should be inclined to rely for proof that 
the Catholic clergyman, in that discussion, and in the name of his Church, repudiated 
the doctrine of personal infallibility. 
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anxieties which good health would dissipate. We fear and scorn 
“materialism.” But he who knew all about it, and could apply his 
knowledge, might become the preacher of a new gospel. Not, how- 
ever, through the eestatic moments of the individual does such knowl- 
edge come, but through the revelations of science, in connection with 
the history of mankind. 

Why should the Roman Catholic Church call gluttony a mortal 
sin? Why should prayer and fasting occupy a place in the disciplines 
of a religion? What is the meaning of Luther’s advice to the young 
elergyman who eame to him, perplexed with the ditiiculty of predesti- 
nation and election, if it be not that, in virtue of its action upon the 
brain, when wisely applied, there is moral and religious virtue even in 
a hydro-earbon? To use the old language, food and drink are creat- 
ures of God, and have therefore a spiritual value. The air of the Alps 
would be augmented tenfold in purifying power if this truth were rec- 
ognized. Through our negleet of the monitions of a reasonable ma- 
terialism we sin and suffer daily. J might here point to the train of 
deadly disorders over which science has given modern society such 
control—disclosing the lair of the material enemy, insuring his destruc- 
tion, and thus preventing that moral squalor and hopelessness which 
habitually tread on the heels of epidemics in the case of the poor, 

Rising to higher spheres, the visions of Swedenborg, and the ecstasy 
of Plotinus and Porphyry, are phases of that psychical condition, obvi- 
ously connected with the nervous system and state of health, on which 
is based the Vedie doctrine of the absorption of the individual into the 
universal soul. Plotmus taught the devout how to pass into a eondi- 
tion of ecstasy. Porphyry complains of having been only once united 
to God in eighty-six years, while his master Plotinus had been so united 
six times in sixty years.’ A friend who knew Wordsworth informs 
me that the poet, in some of his moods, was accustomed to seize hold 
of an external object to assure himself of his own bodily existence. 
The “entranced mind” of Mr. Page-Roberts, referred to so admiringly 
by the Speetefor, isa similiar phenomenon. No one, I shonld say, has 
had a wider experience in this field than Mr. Emerson. As states of 
consciousness those phenomena have an undisputed reality, and a 
substantial identity. They are, however, connected with the most 
heterogeneous objective conceptions, Porphyry wrote against Christi- 
anity; Mr. Page-Roberts is a devout Christian. But notwithstanding 
the utter discordance of these objective conceptions, their subjective 
experiences are similar, because of the similarity of their finely-strung 
nervous organizations. 

But, admitting the practical facts, and acting on them, there will 
always remain ample room for speculation, Take the argument of the 
Lueretian. As far as lam aware, not one of my assailants has at- 
tempted to answer it. Some of them, indeed, rejoice over the ability 


} See Dr. Draper’s important work, “Conflict between Religion and Science.” 
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displayed by Bishop Butler in rolling back a diffienlty on his oppo- 
nent; and they even imagine that it is the bishop’s own argument 
that is there employed. Instructed by self-knowledge, they can hardly 
credit me with the wish to state both sides of the question at issue, 
and to show, by a logic stronger than Butler ever used, the overthrow 
which awaits any doctrine of materialism which is based upon the 
definitions of matter habitually received. But the raising of a new 
difficulty does not abolish—does not even lessen—the old one, and the 
argument of the Lucretian remains untouched by any thing the bishop 
has said or can say. 

And here it may be permitted me to add a word to an important 
controversy now going on. In an article on “ Physics and Metaphysics,” 
published in the Saturday Review more than fourteen years ago, I ven- 
tured to state thus the relation between physics and consciousness : 
“The philosophy of the future will assuredly take more account than 
that of the past of the relation of thought and feeling to physical pro- 
cesses; and it may be that the qualities of Mind will be studied 
through the organism as we now study the character of Force through 
the affections of ordinary matter. We believe that every thought and 
every feeling has its definite mechanical correlative in the nervous sys- 
tem—that it is accompanied by a certain separation and remarshaling 
of the atoms of the brain. 

“This latter process is purely physical; and were the faculties we 
now possess sufficiently strengthened, withont the creation of any new 
faculty, it would doubtless be within the range of our augmented 
powers to infer from the molecular state of the brain the character of 
the thought acting upon it, and, conversely, to infer from the thought 
the exact corresponding molecular condition of the brain. We do not 
say—and this, as will be seen, is all-important—that the inference here 
referred to would be an @ priori one. What we say is, that by observing, 
with the faculties we assume, the state of the brain, and the associated 
mental affections, both might be so tabulated side by side, that if one 
were given, a mere reference to the table would declare the other, 

“ Given the masses of the planets and their distances asunder, aud 
we can infer the perturbations consequent on their mutual attractions. 
Given the nature of a disturbance in water, air, or ether, and from the 
physical properties of the medinm we ean infer how its particles will 
he affected. The mind runs along the line of thought which connects 
the phenomena, and, from beginning to end, finds no break in the chain. 
But, when we endeavor to pass by a similar process from the phenom- 
ena of physics to those of thought, we meet a problem which transcends 
any conceivable expansion of the powers we now possess. We may 
think over the subject again and again—it eludes all intellectual 
presentution—-we stand, at length, face to face with the Incompre- 
hensible.” 

The discussion above referred to turns on the question: Do states 
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of conscionsness enter as links in the chain of anteeedence and se- 
quence which give rise to bodily actions and to other states of con- 
sciousness ; or are they merely by-products, which are not essential 
to the physical processes going on in the brain? Now, it is perfectly 
certain that we have no power of imagining states of consciousness 
interposed between the molecules of the brain, and influencing the 
transference of motion among the molecules. The thonght “ eludes 
all mental presentation; ” and henee the logie seems of iron strength 
which claims for the brain an automatic action, uninfluenced by states 
of consciousness, But it is, I believe, admitted by those who hold the 
automaton-theory that states of consciousness are produced by the 
marshaling of the molecules of the brain; and this production of con- 
sciousness by molecular motion is certainly quite as unthinkable as 
the production of molecular motion by consciousness, If, therefore, 
unthinkability be the proper test, we must equally reject both classes 
of phenomena. I, for my part, reject neither, and thus stand in the 
presence of two Incomprehensibles, instead of one Incomprchensible. 
While accepting fearlessly the facts of materialism dwelt upon in these 
pages, TF bow my head in the dust before that mystery of the brain 
which has hitherto defied its own penetrative power, and which may 
ultimately resolve itself into a demonstrable impossibility of self-pene- 
tration.’ 

But, whatever be the fate of theory, the practical monitions are plain 
enough, which declare that on our dealings with matter depends our 
weal or woe, physical and moral. The state of mind which rebels 
against the recognition of the claims of “ materialism ” is not unknown 
tome, I can remember a time when I regarded my body as a weed, 
so much more highly did I prize the conscious strength and pleasure 
derived from moral and religious feeling, which, I may add, was mine 
without the intervention of dogma. The error was not an ignoble 
one, but this did not save it from the penalty attached to error, Saner 
knowledge taught me that the body is no weed, and that if it were 
treated as snch it would infallibly avenge itself. Am I personally 
lowered by this change of front? Not so. Give me their health, and 
there is no spiritual experience of’ those earlicr years—no resolve of 
duty, or work of mercy, no act of self-denial, no solemnity of thought, 
no joy in the life and aspects of Nature, that would not still be mine, 
And this without the least reference or regard to any purely personal 
reward or pnnishment looming in the future. 

As I close these remarks, the latest melancholy wail of the Bishop 
of Peterborough reaches my cars, Notwithstanding all their “ expan- 
siveness,” both be and his brother of Manchester appear, alas! to 
know as little of the things which belong to our peace as that wild 
ritualist who, a day or two ago, raised the ery of “excommunicated 
heretic!” against the Bishop of Natal, Happily we have among us 
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our Jowetts and our Stanleys, not to mention other brave men, who 
see more clearly the character and magnitude of the coming struggle ; 
and who believe undoubtingly that out of it the truths of science will 
emerge with healing in their wings. Such men must increase, if the 
vast material resonrees of the Church of England are not to fall into 
the hands of persons who may be classed under the respective heads 
of weak and infutuated. 

And now I have to utter a “farewell,” free from bitterness, to all 
my readers—thanking my friends for a sympathy more steadfast, I 
would fain believe, if less noisy, than the antipathy of my foes; com- 
mending to these, moreover, a passage from Bishop Butler, which they 
have either not read or failed to take to heart. ‘It seems,” saith the 
bishop, “that men would be strangely headstrong and self-willed, and 
disposed to exert themselves with an impetnosity which wonld render 
society insupportable, and the living in it impracticable, were it not 
for some acquired moderation and self-government, some aptitude and 
readiness in restraining themselves, and concealing their sense of 
things.” In this respect, at least, his grace the Archbishop of Can- 
terbury has set a good example, 


WATER-SUPPLY OF ISLANDS. 
By FRANKLIN C. HILL. 


O* islands of considerable size and height, composed of rocks and 
various earthy beds, springs of fresh water in the valleys are not 
uncommon, ard their presence excites no remark. The rainfall of the 
island itself is laid up in its strata exactly as in the hills of the main- 
land, and the small size of the reservoir is made up for by the frequent 
rains and fogs to which islands are subject. 

There are cases of islands near the main-land where springs are fed 
by streams from the continent following the rock-strata below the di- 
viding straits. But on islands composed as many of those on our 
Sonthern coasts are, of pure sand and of very small elevation, and 
hence with no raised reservoir to supply springs, the fact that pure 
fresh water may be obtained in large quantities by digging, is a mys- 
tery even to many well-informed people, although the explanation 1s 
very simple. To say that the “sea-water filters through the sand into 
these wells and becomes as sweet and pure as spring-water,” is simply 
to display profound ignorance of chemistry and facts. 

From time immemorial the ash-leach has been in use in many civil- 
ized, that is, soap-making, countries. Essentially an ash-leach is a 
vessel tight enough to hold wood-ashes, but not tight enough to hold 
water. Being first filled with ashes, water is then poured in gradually, 
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and, after a time, runs out below, highly charged with the soluble salt 
of the ashes. 

But, although this machine has been so long in use, the principle 
on which it acts does not seem to have been fully understood until 
quite lately. About the year 1833 Messrs. Boullay, of Paris, applied 
the same apparatus to the manufacture of pharmaceutical preparations, 
tinctures, infusions, extracts, ete., and it at once became popular with 
pharmaceutists, under the name of Boullays’ Filter, or the Displace- 
ment Apparatus, Its mode of operation is simple: the first portion 
of liquid poured in sinks into the powder that is to be exhausted, and 
saturates itself with the soluble parts of it. The later additions of 
liquid, instead of mixing with the first, drive it down before them 
and take its place, to yield it in turn to the next portions poured in. 
Thus the first portions of liquid that run from the bottom of the filter 
will, if it has been properly managed, contain nearly all the soluble 
matter, and the last will be almost unchanged. For example, if an 
ounce of powdered ginger be put into a glass tube, as a small lamp- 
chimney, over the lower end of which a piece of cotton cloth has been 
tied, and aleohol be slowly poured through it, the first fluid-ounce 
(f 5 j) that comes through will contain about all the strength of the 
ginger. Looking through the glass, we can watch the whole process, 
see the first aleohol dissolve the resinous matter of the ginger, becom- 
ing thick and dark-colored in consequence, and then falling down be- 
fore the new colorless aleohol added above. 

Applying this principle of displacement to a sand-island, we have 
to start with a great heap of sand with its level or hollow top just 
above the reach of the waves, while the great mass of sand is below 
the sea-level. Of course all the submerged part is full of salt-water, 
while capillary attraction carries some of the water above the sea-level. 
The first rain that falls sinks at once into the loose sand. It rains 
very heavily in the gulf islands, but I never saw water run off of the 
surface ; it sinks at once, and, in sinking, drives the salt-water before 
it, “displaces” it as the apothecaries say, but does not mix with it. 

Repeated rains continue the operation until there is a lake of fresh 
water held by the sand in the midst of the sea, 

Fine sand will hold, between its grains, over one-third of its bulk 
of water; thus, within twelve feet of the sea-level, we have a lake of 
fresh water four feet deep, or about 1,250,000 gallons to each acre of 
island, and this is the supply reached by digging. But, should a long 
drought occur, evaporation would rapidly reduce the supply, and the 
sea-water following in will take its old place. Hence it was that, in 
1864, we had plenty of good water at Ship Island and Santa Rosa, 
while at Brazos Santiago, where no rain had fallen, at the time of my 
visit, for ten months, the water was brackish and unfit for use, and 
the government was obliged to distill water from the sea for the use 
of the army, and the only vegetation on the island appeared to be 
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cactus and mesquite, showing that drought was not of rare occurrence 
there. 

Our men encamped on Ship Island complained that the water in 
many of the wells which they dug soon beeame bad. Perhaps this 
was owing to the surface-vater of the swamps getting into them, or 
perhaps the drainage of the camps. Those who know the habits of 
our men in camp ean judge for themselves. 

A glance at the map and profiles of Ship Island will show how ad- 
mirably the island is adapted to collecting and holding rain-water. 
The broader parts of the island are completely surrounded by a raised 
beach, making large basins. The basin west of the lighthonse is com- 
paratively new, All the islands in that chain grow at their western 
ends and wash away on the east. The only vegetation in this western 
basin was, at the time of my sojourn there, a few low, creeping herbs. 
The beach was so low that a heavy September gale blew the waves 
over it, and the whole basin beeame a salt lake, around-which I 
walked the next day on the beach. The sea having by that time 
fallen rather below its nsual height, there was a difference of sev- 
eral feet between it and the surface of the lake. Observing that 
at one place the water was just level with the top of the beach, I 
scratched a shallow channel across it with a stiek, In five minutes a 
strong brook was running ont, and, in ten more, a roaring river. This 
part of the island being subject to such overflows, of course no wells 
are sunk in it. The fort depends on cisterns of rain-water; but it 
would be easy to run a pipe underground to a well above the light- 
honse and get plenty of water. 

The basin east of the lighthouse was a swamp in my time, thiekly 
overgrown with grasses, Afterward, the commandant had it ploughed 
and made into a garden, said to have been very productive, especially 
in melons. The neek, of course, was barren, shifting sand, while the 
large basin beyond was not only swampy, but had a fresh pond in it. 
The drier parts were covered with a beautifl purple-topped grass, 
and had some showy flowers; while the wetter parts, and even the 
pond, were thiekly set with woody shrubs of considerable size, and 
the wide, shallow mouth of the pond was so obstructed by them that 
the quiet waters of the Mississippi Sound never penetrated it. Beyond 
the pond were formerly some live-oaks and pines; but the oaks had all 
been ent down, and the pines were rapidly following them, being car- 
ried off for fuel by the prison-eamp near the light-honse, All around 
this end of the island, stumps and dead trees standing far out in the 
water showed that the sand was being gradually swept away by the 
waves. 

Santa Rosa is Ship Island on a larger seale. Tt has several fresh- 
water ponds, and many bushes and trees. On its barren western end 
T obtained an abundance of good water by sinking a well some four or 
five feet. The wooden curb was bnilt larger at the bottom, and set in 
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a shallow pit scooped in the sand. A man was then put inside to 
shovel out the sand, and, as he dug, the curb sank around him. Pres- 
ently he was waist-deep in water, and the well was finished and yielded 
freely all summer. 


MAREY'’S NEW RESULTS IN ANIMAL MOVEMENTS. 


By Pror, ALFRED M. MAYER, 


OF THE STEVENS INSTITUTE OF TECHNOLOGY. 


HE publication of Marey’s “ Animal Mechanism” in the “ Interna- 
tional Scientific Series” has put the general reader in possession 
of one of the most interesting works ever published on experimental 
physiology. The simplicity and precision of the author’s experimental 
methods, his conscientiousness in being sure of one step before he takes 
the next, and the skill displayed in interpreting and combining bis ex- 
perimental results—all these admirable characteristics have rendered 
his book instructive and entertaining to those who merely follow from 
afar the progress of science, while, at the same time, he has furnished 
a model of precise research and clear exposition to the professed sci- 
entist. 

Marey arrives at his facts directly, not inferentially, and this is the 
charm of his book. The mind of the reader does not rest on the fal- 
lible judgment or mere opinion of the author, but is brought face to 
face with the very records made by the phenomena themselves, 

In studying the progress of science, one cannot help remarking 
certain periods of sudden acceleration in the progress of discovery. 
These periods of unnsnal activity are not always, but certainly are 
very often, due to the invention of some precise and readily-applicable 
instrument, which gives, as it were, a new scientific sense, and brings 
into the range of our intellectual vision phenomena and numbers 
whose existence were barely suspected, until revealed by the aid of 
some comparatively simple contrivance. Such epochs of sudden prog- 
ress followed the inventions of the telescope, the spectroscope, the 
ophthalmoscope, the galvanometer, and the tuning-fork chronoscope. 
For the latter instrument, men of science are indebted to Dr. Thomas 
Young, that wonderful man, who touched no department of knowledge 
that he did not adorn, The application of the sinuous traces of a 
vibrating tuning-fork on a rolling cylinder, to divide a second of time 
into as many parts as the number of times the fork swings to and fro 
in a second, was deseribed by Young in 1807, and published in his 
“TLeetures on Natural Philosophy and the Mechanical Arts,” vol. i., 
p. 191. Like Young’s discoveries of the theory of colors, and of the 
undulatory theory of light, this beautiful invention laid fallow for 
many years, until reinvented in 1840 by Duhamel, and subsequently 
brought into general use in physics and physiology. It is now the 
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essential element of the chronoscopes, or, more accurately speaking, 
of the chronometers, used to measure the velocities of projectiles, and 
to solve such problems as the rates of progress of the nervous influ- 
ence and of the muscular wave. 

To make any tuning-fork a chronoscope, it is only necessary to 
know the number of vibrations which the fork makes in a second at a 
known temperature. This number is determined to the last degree 
of precision by the following method, devised by the author of this 
article: A break-cireuit eloek is placed in the primary or battery 
circuit of an induction-eoil ; while one terminal wire of the secondary 
coil is connected with a metallic eylinder covered with smoked paper, 
the other terminal wire is led to the tuning-fork, which traces its 
vibrations, by means of a delicate metallic point, on the paper-covered 
cylinder. At each second the break-cireuit clock sends a spark trom 
the point attached to the vibrating fork, through the smoked paper to 
the metallic cylinder, It is evident that, on counting the number of 
sinuosities made by the vibrating fork between two contiguous spark- 
holes, we bave the number of vibrations per second made by the fork. 
After the above determination has been made, the tuning-fork becomes 
the most accurate and uniformly rated chronometer yet devised by 
men of science. But the time-recording tuning-fork is only one part 
of the apparatus required in the study of physiological motions. We 
must also be in possession of some contrivance which can be readily 
applied to an organ, the durations and varied velocities of whose mo- 
tions we would study, and this contrivance must make a graphic 
record of these motions alongside of the time-record drawn by the 
tuning-fork, To Marey we are indebted for many effective recording 
instruments, but the apparatus which he has most extensively used, 
and which is admirably adapted to the study of the motions in some 
of the vital functions and in locomotion, consists of a small drum of 
shallow depth, one of whose ends is covered with an elastic membrane. 
The interior of this drum is connected with the interior of a similar 
drum by a rubber tube of very small internal diameter. The mem- 
brane of one of these drums presses against the surface whose motions 
we would study. A delicate lever rests on the membrane of the other 
drum, and the end of this lever is armed with a delicate pomt which 
touches a revolving cylinder covered with smoked paper. On this cyl- 
inder the tuning-fork also simultaneously traces its thue-record. Now, 
as both drums, and the tube which connects them, form an air-tight 
space, it follows that any depression, given to the membrane which 
touches the moving surface, will compress the air in this drum, in the 
connecting tube, and in the drum whieh carries the delicate lever, 
The membrane of the latter drum will move outward and cause the 
pointed lever to move and make its trace on the revolving cylinder. 
Of course an elevation of the membrane in the first drum will cause a 
depression in the membrane of the second drum, accompanied by a 
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movement of the lever opposite to that described above. Thus the 
lever records accurately every movement of the membrane of the dis- 
tant drum, and the intervening flexible tube allows one to attach the 
drnm to the limb of a moving man, or quadruped, to the wing of a 
flying-bird, or to the chest, to obtain the traces of the motions of the 
lungs and of the heart. 

In 1863 Marcy first began to apply the graphic method to biologi- 
eal studies, in his “ Physiologie médicale de la Cireulation du Sang.” 
In 1868 he published his “Du Mouvement dans les Fonctions de la 
Vie.” In the preface of this truly valuable work he says: “ By the 
use of the graphic method the illusions of the observer, the tedious- 
ness of descriptions, and the confusion of facts, disappear. These two 
ruling qualities, clearness and conciseness, become every day more de- 
sirable, by reason of the enormous increase in biological publications.” 
Tn his last work, “ Animal Mechanism,” he has illustrated this remark ; 
for surely no “ tediousness ” will be experienced in the perusal of this 
work, in which we are taught, with such “ clearness and conciseness,” 
how men and quadrupeds walk and run, and how birds and insects fly. 

The desire to see Marey’s work on Animal Mechanism fully appre- 
ciated by the public has induced us to put the reader in possession of 
his quite recent discoveries, which could not be incorporated in the 
book published in the “International Series.” We refer to two of his 
most important rescarehes, one on “ Human Locomotion,” taken from 
the Comptes Rendus, of July 13, 1874; the other, “On the Resistance 
of the Air under the Wing of a Bird during its Flight,” we take from 
the Journal de Physique of July, 1874. 


I. New Exrerimments on Human Locomotion.—The brothers We- 
ber believed that in human locomotion the oscillation of the leg in 
walking was due alone to the action of gravity; this is to say, that the 
foot, while off the ground, has the motion of a pendulum. For a long 
time this opinion has held its place in physiology, but it has been op- 
posed, in recent years, by arguments of varions kinds. First, by M. 
Duchenne, of Boulogne, who showed that the leg is not entirely passive 
during its displacement, for certain musenlar paralyses prevent its 
oscillation ; M. Girand-Teulon has attacked the theory of Weber, by 
showing the mathematical errors on which it is founded; and, finally, 
M. Carlet has determined, experimentally, the active function of cer- 
tain muscles in the displacement of the leg during walking. 

If gravity does not alone act in producing the oscillation of the leg, 
it becomes impossible to foresee what motion will result from its com- 
bination with muscular action. T have appealed to the graphic method 
for the experimental answer to this question. 

When a body moves in a straight Hine, with variable velocities at 
each instant, it is easy to obtain the graphic representation of its 
motion, provided the space moved over is not too extensive. It 
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suffices to join the body, by means of a rigid connection, with a writing- 
lever, which touches a revolving cylinder, covered with smoked paper. 
The tracer on the writing-lever, moved with variable velocities, and 
in a direction parallel to the axis of the cylinder, will draw sinuous 
curves, whose parts will indicate by their inclination the velocities of 
the motions which produced them. 

But the motions in walking are too extended to be traced on the 
revolving cylinder in their real magnitudes; in order to reduce them, 
while at the same time I preserved their characteristics unaltered, I 
had recourse to a train of wheel-work. In this apparatus, each wheel 
working into another, whose teeth are ten times more numerous than 
those of the former, it follows that the motion communicated to the 
first axis will be reproduced by the second with a reduction of +; ; the 
third axis will reproduce the motion reduced to z)g3 and the fourth 
axis will reduce it to zs455, ete. 

If we attach to the foot of a walker a thread, which is wrapped 
around the wheel on the first uxle of the wheel-work, and if to the third 
axle we connect the writing-lever, we can obtain traces on the revoly- 
ing cylinder whieh will have only ;{pth of the extent of the paths gone 
over by the foot of the walker. 

Fig. 1 shows five traces obtained from the foot when walking with 
various velocities, .f has been produced by the slowest walk; B is 
the ordinary gait; while C is the most rapid: the remaining traces 
have been obtained from gaits less rapid than that of C. 


Fic. 1, 


(The figure represents the smoked paper, unrolled from the re- 
volving cylinder after the experiment. The paper revolved with the 
cylinder in the direction from O to Y. Therefore, the axis of the 
eylinder was parallel to OY, and the tracer on the writing-lever moved 
parallel to OX. Jt follows that, if the foot had remained stationary 
while the eylinder revolved, the tracer would have described a straight 
line parallel to OY. CUT is the trace of the vibrating tuning-fork ; 
each bend of its sinuous line is equal to 4,th of a second of time. This 
chronographie trace gives us the means of estimating accurately the 
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duration of each step and the velocity of the foot at each instant 
while it is swinging in the air, The spaces gone over by the tracer, 
as before stated, are ;1,th of the real distances traversed by the foot; 
that is, one ecutimetre on the paper equals one metre gone over by 
the foot.) lence, every thing relative to the transport of the foot in 
walking is expressed in this figure. 

1. Velocity of the Gait——This is expressed by the general incli- 
nation of the enrve, or by the relation existing between the lengths 
parallel to OL and to OY. As the different traces contained in the 
figure correspond to the same distance (three metres and a half; 
marked on the left-hand vertical line of the figure) gone over in va- 
riable times, it follows that the relation of these times to this distance 
will give the velocities of the different gaits. Ifwe count on the chro- 
nagraph-trace the time included between the beginning of each curve, 
and its termination in the line A, 2B, C, we shall have the measure of 
this time. (For example, the time occupied in going over 3} metres 
with the gait B is given by counting the bends of the tuning-fork 
trace contained between 2 and the perpendicular line let fall from B 
on to the chronograph-trace.) Thus, for the slow walk from 1 to A, 
we count thirteen seconds; the more rapid walk from 2 to B occupied 
six anda half seconds; while with the rapid gait the distance from 5 
to C was traversed in two seconds, 

2. Alternate Periods of Rest and of Motion of the Loot.—lIt is 
evident that, whenever the traces show an horizontal line (that is, a 
line parallel to OY), those portions of the traces correspond to the 
traces made while the foot touched the ground and was immovable, 
since the spaces then gone over are nothing. The traces show that the 
duration of the periods of repose decreases as the gait is accelerated, 
The time during which the foot is in motion is shown by the obliqne 
lines whose projection on the trace of the chronograph increases, 
relatively to the periods of repose, as the gait is more rapid. This 
proves that the length of the step increases with the velocity of the 
gait. 

We can also, from the traces, estimate with precision the relation 
of the velocity of gait to the length of step, the relative variations of 
the duration of the periods of repose and of motion of the foot, ete, ; 
but we will not here dwell on these details; the essential point under 
consideration is the following : 

3. The Nature of the Movement of Translation of the Foot.—The 
trace of this movement is shown in a line which is nearly straight in 
all of its parts; the motion of the foot is therefore uniform during 
nearly the whole of its translation; the inflections of the line at its be- 
ginning and at its end show that, in rapid gaits especially, the motion 
of the foot begins and ends in short periods of variable velocities, 
From the above we are now able to judge how far the oscillation of 
the leg is analogous to that of a pendulum, 
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But we must not exclusively attribute to the action of the muscles 
of the leg this uniformity in the translation of the foot. In fact, we 
know that, during this translation, two distinct eauses are working: 

1. The angular movement which the leg has arouud the pelvis. 

2. The horizontal translation of the pelvis itself; that is to say, of 
the point of suspension of the leg while the latter oscillates. 

We may conceive that, by the combination of these two movements, 
the motion of the leg may tend to become uniform; this will happen 
if the minima of the velocities due to the first-named species of motion 
eorrespond with the maxima of the second kind of motion. It there- 
fore becomes very interesting to determine what is really the motion 
of the trunk of the body during different gaits. 

The apparatus already described has also served for the solution 
of this problein. 

A cord attached to the waist transmitted to the registering appa- 
vatus the motion of translation of the trunk. By experimenting sue- 
cessively on various gaits, we obtained the following figure, whoxe 
analysis gives some interesting results : 


The undulations are far greater when the walking is very slow 
than when it is more rapid. Thus, the motion of the body becomes 
more uniform by reason of a higher velocity. This is the reverse of 
what happens with the vertical oscillations of the body, which increase 
with the velocity of progression and with an imerease in the length 
of the steps. 

The number of alternations of motion is double that produeed by 
the movement of a single foot, as shown in Fig. 1. This is readily 
understood when it is remembered that the two feet, repeating the 
same acts, give alternately to the body a new impulsion. 

To make clear this action we have traced, parallel to the line 2 of 
Fig. 2, the eurves P, produced by the motions of the right and of the 
left foot. These curves, of which one is dotted, and the other full, 
are at once recognized as similar to those of the line 2 B, of Fig. 1. 
In fact, on observing the superposition of the different parts of these 
curves with the curve of translation, we see that the body receives an 
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increase of velocity about the middle of the period when either foot is 
on the ground. This fact is in harmony with experiments which I 
have already published. 

J will add, in coneinding, that one of the most important results 
obtained ly these researches is, the idea which they give of the varia- 
bility of the movement of translation of the body during walking and 
running. 

In another publication I shall show the applications which ean 
be deduced from these studies to the best utilization of the work of 
animals. 


IJ. On tHE Resistance oF THE AIR TO TUE Wives oF A Birp 
DURING 118 Fuicur.—I have presented to the Academy of Sciences a 
memoir which proves that the wings of a bird, during their downward 
movements, meet with more resistance from the air when the bird 
has an horizontal motion of progression than when the bird, depress- 
ing his wings with the same velocity, has no horizontal motion of 
translation. 

The explanation of this phenomenon appears to me to be as follows: 
a Wing, or any surface whatever, which moves against the air, meets, 
at the beginning of its motion, a considerable resistance, on account 
of the inertia of the air, which resists every displacement; but, little 
by little, the air yields, and the velocity of its motion gradually in- 
creases, until it may equal that of the moving surface which displaces 
it; this phase of motion having been reached, the resistance dimin- 
ishes, Finally, when the moving body stops, the moving air tends to 
continne its journey, and it thereby produces before the moving sur- 
face a true aspiration, or negative pressure. But a bird, which moves 
horizontally during the depressions of its wings, acts, during succes- 
sive instants of that depression, on a series of columns of air over which 
it passes, From each column it meets with that maximum resistance 
which the inertia of the air presents at the first instants of the action 
of the wing. Finally, when the wing has reached the lowest point of 
its depression, it is not over the mass of air which it has just set in mo- 
tion, because the motion of translation of the bird continually brings 
it into regions where the air is at rest. All of these conditions are 
evidently favorable to flight, since they inerease the resistance of the 
air, which alone furnishes to the bird its support, and the reaction to 
its moving wing. 

To prove the exactness of this theory, I have made certain experi- 
ments in which a uniform quantity of work was applied to produce the 
elevation and depression of the wings of an artificial bird. In some 
experiments the motious of the wings took place while the machine 
was stationary; they had a great amplitude of motion. In other 
experiments we gave the artificial bird a motion of translation, and 
then we observed that the amplitude of the flaps of the wing dimin- 
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ished considerably, whieh fact showed an increase in the resistance 
of the air. 

MM. Planavergne claim the priority of the theoretic idea which I 
have enunciated, and show, in fact, that they had published, some 
years since, 2 memoir, in which this theory is explicitly stated. Tlow- 
ever, these authors have furnished no experimental demonstrations of 
their views; consequently, it has appeared to me that it would be in- 
teresting to continue the researehes whieh I bad begun, and to deter- 
mine, as aceurately as possible, on one hand, the phases and variable 
conditions of the resistance of the air to a moving body which dis- 
places it witha nniform motion ; on the other hand, to find the increase 
of the resistance of the air under the wings of an apparatus which is 
transported with determinate velocities, 


First Series or Exprrmments.—Determination of the variable 
and constant resistances opposed by the air to a moving body which 
displaces the air with a wunriforne motion. 

In a solid framework, which glides easily on an horizontal plane, I 
placed a light screen, with its plane vertical and perpendicular to the 
direction of its motion, This screen turns around an horizontal axis; 
and an arm attached to it is charged with an additional weight until 
perfeet equilibrium is established between the arm and the screen itself. 
This having been done, we have no fear of the inertia of one or an- 
other part of the system causing the screen to revolve around its axis 
at the beginning of its motion of translation. If such a movement 
of rotation does take place, we must attribute it to the resistanee 
offered by the air. 

Behind the screen is placed a little manometric apparatus, which 
communicates, by meaus of a tube, with a dram, having a lever rest- 
ing on its membrane.’ 


Fie. 3. 


The apparatus having been thus arranged, we give to it a uniform 
motion of translation which lasts half or a quarter of a second, and 
we obtain on a revolving cylinder the above trace of the point of the 
writing-lever attached to the membrane of the recording drum. 

When the screen is at rest, the apparatus traces an horizontal line 


1 Ton seteiias 3 ‘ 
For a description of Marey’s manometric apparatus, the reader is referred to 
“Animal Mechanism,” published in the “International Scientific Series.” 
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w% x, which corresponds to the zero of pressure on the dynamometer. 
At the instant of the beginning of the translation the apparatus shows 
an energetic pressure (a) on the dynamometer; this is the initial vari- 
able resistance caused by the inertia of the air against which the 
sereen pushed. Very soon afterward the curve falls, announcing that 
the resistance of the air has diminished, although the motion of the 
disk had remained uniform. This is owing to the faet that the air had 
then partly acquired the motion of the screen. The pressure falls 
thus to the level 6, whieh marks the constant resistanee of the air 
during the whole remaining period of the translation, 

Finally, when the apparatus is suddenly stopped, we see that the 
trace of the reeording-lever is suddenly depressed at the point ¢ ; this 
is due to the variable terminal condition: it consists in the carrying 
of the screen forward by the column of air already set in motion by it. 
This negative resistance gradually ceases, and the tracer returns to zero. 

We were not able to determine with this rough apparatus the ab- 
solute value of the resistance of the air corresponding to different in- 
stants of nniform translation, but we can readily see that there exist 
two variable states, of which one precedes and the other follows the 
constant resistance of the air. The studies of physicists have hereto- 
fore been directed only to the determination of the constant resistance 
corresponding to different velocities. 


Srconp Serres or Exprriments.—Increase of the resistance of 
the air to the downward movement of the wing of a bird, caused by the 
horizontal translation of the bird. 


In making the above determination, I have roughly imitated the 
construction of the bird, by reducing each of the wings to a thin and 
rigid plane of $ a metre in length, and #5 a metre in breadth. These 
two wings are simultaneously depressed by the aetion of a spring. 

A constant amount of work is thus employed for each blow of the 
wings. The translation of the artificial bird takes place in gliding 
along an horizontally-stretched iron wire. Two large wheels, one of 
them furnished with a crank-handle, move an endless cord parallel to 
the iron wire. The apparatus with wings is attached to this cord, 
and ean thus be moved horizontally with greater or less velocities, 

It is now necessary to determine with precision the velocity of 
translation and the duration of the depression of the wings. The 
graphic method gives readily these two measurements: 

1. Measurement of the Velocities of Translation of the Apparatus,— 
This velocity is evidently the velocity of a point on the endless cord, 
to which the winged apparatus is attached. This cord passes around 
a little pulley, whose revolutions are counted and registered on a re- 
volving cylinder by means of a lever which is worked pretty much as 
the lever in the registering apparatus of Morse’s telegraph. 

The little pulley which serves to measure the velocities is exactly 
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fy of a metre in cireumference ; one-half of its circumference is coy- 
ered with 2 metallic band, the other half is formed of insulating mate- 
rial. Metallic springs press against the periphery of the pulley, so that, 
while they touch the metallic band, a current from a battery depresses 
the lever which traces on the revolving cylinder. Hence the lever is 
depressed, while 2, of a metre of the cord pass, and it is elevated 
during the next 7, of a metre of passage of the cord. Thus are regis- 
tered, in an indented line, the velocities of translation of the artificial 
bird, Evidently the greater the velocity of the bird the greater will 
be the number of indentations inscribed in a second on the uniformly- 
revolving cylinder. 


SECOND. 


Fig. 4. 


2. Measurement of the Duration of the Depression of the Wings.— 
A second electrical recorder, similar to that which registers the turns 
of the pulley, serves to determine the duration of the depression of the 
wings. For this purpose it is necessary that, at the beginning of the 
depression, the current of a battery should be broken, and this action is 
registered on the revolving cylinder by an indentation in the trace of 
the writine-lever; also, at the end of the depression of the wings, the 
current must be closed again, and this instant is likewise registered 
on the cylinder. 
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We have thus obtained simultaneously the traces of the velocities 
of translation of the artificial bird, and the durations of the depres- 
sions of its wings, and we have obtained a series of determinations of 
which the preceding figure (4) furnishes some examples: 

Eeperiment No, 1.—The upward indentation in the line @ shows the 
duration of the depression of the wings. Taking that length on the 
scale of time, we see that the downward movement of the wing lasted 
less than 4 of a second. In that experiment there was no translation 
of the bird. The line 6 does not show any indentation. 

Experiment No, 2.—The duration of the depression of the wings 
{line @) is already greater; it exceeds one-half of a second. The 
translation was then nearly three metres per second. We find this by 
taking in the dividers the length on the line 4 of the 34 double inden- 
tations of the tracer, which show that 3} times 54; of a metre, or 1.4 
metre, have been traversed by the artificial bird. We carry this length 
to the scale of time, and we find that it is contained about twice in a 
second, We thus see at once that the duration of the downward mo- 
tion of the wing increases with the velocity of translation of the arti- 
ficial bird. 

Experiments Nos, 3-6.—In the remaining experiments, procecd- 
ing as we have already done, we find that the duration of the depres- 
sion of the wing increases with the velocity of translation, and that 
with a velocity of 5} metres the downward movement of the wing 
lasts about one second. J have not been able to find the accurate re- 
lation between the velocity of translation and the duration of the down- 
ward motion of the wing. Experiments made in precisely the same 
conditions sometimes present slight differences, which are due to the 
fact that the slightest oscillation of the iron wire, which serves as a 
support and guide for the artificial bird, slightly changes the durations 
of the phenomena. From the first series of experiments, it would ap- 
pear that the duration of the depression of the wing increases in pro- 
portion to the velocity of its translation, at least within the limits of 
the velocities with which J have experimented. 


THE RELATIONS OF WOMEN TO THE PROFESSIONS 
AND SKILLED LABOR. 


By ELY VAN DE WARKER, M.D. 


HERE are fields of labor in which women have been immemorially 
active. In all matters relating to the cares of the house and chil- 
dren among the civilized, and, among the barbarous and the lowest 
strata of life in Europe and elsewhere, field-labor, the care of animals, 
and the lighter manufactures, are the tasks imposed upon women. 
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Deduct from this the comparatively small number of women of fashion 
whose existence is merged into the decorative part of social life, and 
we have here roughly grouped the lines which have defined the useful- 
ness of women, and which have lain parallel for ages. In the midst 
of this toiling mass of humanity phenomenal women have appeared — 
women who have thrown down the dividing lines of prejudice, and 
created for themselves places among the most celebrated of the other 
sex. Those who have thus elevated themselves above the mass have 
demonstrated the capacity of women not only for the highest culture, 
but also their ability to equal men in the use of faculties which are their 
most distinguished attributes. 

For a generation or more the question of woman’s entry into em- 
ployments deemed man’s exclusive province has attracted attention, 
aud raised up for woman a body of aggressive advocates of both sexes, 
who, by their demands, have provoked some harsh criticism from those 
who are in no sense the enemies of the intellectual and worldly ad- 
vancement of women. Woman is now submitting her fitness to find 
employment, in the learned professions and skilled labor, to the 
rigid test of actual trial. Will she succeed, or will those of her sex, 
who achieve success in these fields of labor, be the exception, rather 
than the rule, in the future as in the past? In order to answer this 
question, it is my purpose to study woman in this relation, as a gynw- 
cologist,’ leaving out of consideration the social aspects of the case. 
One, who has devoted years to the study of women and their discases, 
has a right to be heard upon this vital question. I do so the more 
readily because I know of no gynecologist who has devoted his special 
learning to the study of woman’s relation to man’s work as a means 
of subsistence and of usefulness. For our purpose, therefore, woman 
must be scientifically investigated as a means to the accomplishment 
of certain ends. She must be studied rather in her physical and mental 
fitness, than in relation to society in her new position. This latter 
part of the subject belongs to the sociologist. 

An examination of the present relation of woman to the other sex 
will throw light upon the complex problem of her success, in the 
future, in these fields of usefulness. The women of savage races, ex- 
cept sexually, present but slight differences in physical development 
and mental character from the males. That they are in base servitude 
to the other sex is in obedience to the aggressive and belligerent char- 
acter of all males of the higher order of animals, This has the force 
of alaw. The moral subjection of woman to the other sex is funda- 
mentally a sexual peculiarity. With the slow advent of civilization 
the differences between the sexes increased, With no lessening of 
subjugation the capacity of woman for gross labor decreased, and 
from man’s equal, physically, she became only his equal mentally. 
The chivalry of the’middle ages of Enrope kept viable the principle 


1 Gynecology, that branch of pathology which treats of the diseases of women, 
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of her social equality, which she had wrung from mau during the 
period of classic civilization, Of all things, mediwval woman alone 
‘lid not retrograde, I believe the modern woman to be the natural 
outgrowth of the woman of chivalry. 

And here let me apply to this question the laws of heredity and 
sexual seleetion. These laws touch the human family with as much 
force as the lower forms of animal life. The fact that man is marked 
by intellectual power in no way exempts him from the operation of 
the fundamental laws of biology. Objections which, at the first ¢lance, 
may appear to be well taken against applying these laws to explain the 
existing relation of women to the other sex, become of small moment 
when we consider that, in his sexual relations, man approximates to 
nearly the level of the lower animals. M. Quetelet, who has made 
this a special study, remarks as follows: “It is curious to see man, 
proudly entitling himself King of Nature, and faneying himself con- 
trolling al] things by his free-will, yet submitting, unknown to him- 
self, more rigorously than any other being in creation, to the laws he 
is under subjection to.”? Mr. Buckle, in the introduction to his “ His- 
tory of Civilization,” carries the argument of Qnetelet to even a 
greater extent. I think this will satisfy any possible objection to the 
propriety of applying these laws to the exposition of my subject. 

Whatever may be woman’s fitness in the future to become man’s 
peer in the professions and skilled labor, there is this faet against her 
im the present: she is laboring under the accumulated inherited ten- 
dency of countless generations. That which had its origin in common 
with sister animals in physical and moral subjection to the male, has, 
in spite of the operation of that intellectual foree which we see oper- 
ating so potently at the present day to east off this subjugation, con- 
tinued in full force. T can explain this in no other way except as the 
result of heredity. This position of woman is as clearly a sexual 
trait as in Jower animals. Darwin says that, “as peculiarities often 
appear in one sex, and become hereditarily attached to that sex, the 
same fact probably occurs under nature, and, if so, patural selection 
will be able to modify one sex in its functional relation to the other 
sex.?? Dr, Mandsley, in speaking of one relation of woman to man, 
says: “Through generations her character has been formed with that 
chief aim (marriage); it has been made feeble by long hadits of de- 
pendence; by the cireumstances of her position, the sexual life has 
been undesignedly developed at the expense of the intellectual.” * 
Mr. Herbert Spencer insists upon this. “ Certain powers which man- 
kind have gained in the course of civilization cannot, I think, be 
accounted for, without admitting the inheritance of acquired modi- 
fications.” * 

? PoruLar Science Monracy, vol. ii., p. 46. 2 “The Origin of Species,’’ p. 83. 

3“The Physiology and Pathology of the Mind,” p. 203. 

4“ Principles of Biology,” vol. ii., p. 249. 
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The law of sexual selection also comes in as a factor to account 
for the present relation of the sexes. Sinee our modern eivilization 
there have ever been women who aimed to relieve their sex of their 
dependent relation to man. With this moral foree ceaselessly antag- 
onizing the natural relation of the sexes and the forces of heredity, 
why has it not, in a more marked degree, accomplished the noble 
purpose at which the more intellectual and stronger minds of the sex 
have aimed? To offer a reasonable explanation of this, I apply the 
law of sexual selection. Men and women do not appear to wed out 
of free choice, but in obedience to law which tinds its expression in 
individual preferences. This, in the human family, may be called 
sexual selection. Mr. Walker states it in this way: © Love from a 
man toward a masculine woman would be felt by him as an unnatural 
association with one of his own sex; and an effeminate man is equally 
repugnant to woman. In the vital system, the dry seek. the humid; 
the meagre, the plump; the hard, the softer; the rough, the smoother; 
the warmer, the colder; the dark, the fairer, ete., upon the same prin- 
ciples; and so, also, if here any of the more usual sexual qualities are 
reversed, the opposite ones will be aeeepted or sought for’? Dr. 
Ryan; in speaking of selection in relation to marriage, uses nearly 
identical language.’ 

The annals of literature show that the most eminent of the sex either 
are unmarried, or are married late in life, and are thus often without 
issue. The women who intellectually leave their impress upon the 
age in which they live are the very elass to which this law of sexnal 
selection applies. The chanees of this order of women leaving daugh- 
ters who will inherit their superior mental vigor are greatly inferior to 
those of the average woman. The woman of the average, her mind 
and ambition being of the measure of the ordinary matters of life, not 
only seeks a husband by the force of education, but is sought by men. 
Thns, married early in life, she becomes the source from which the 
population is recruited. This,in my judgment, is not only a potent 
cause of the present relation of the sexes, but will serve to explain the 
chances of women becoming prominent in the professions of the future. 

There is another set of laws which apply to this part of the subject. 
These are the phenomena which are observed in studying human in- 
crease, and are called the laws of population. ‘The forces engaged in 
the evolution of nervous and mental (cerebral) strueture are opposed 
to those necessary to reproduction. Mr. Herbert Spencer expresses 
it as an antagonism between Individuation and Genesis; and that this 
antagonism is more marked “ where the nervous system is eoneerned, 
because of the costliness of nervous structure and function.” * There 
is uo part of individuation so costly as that of cerebral growth. The 
more solid expansion of mind is accomplished after general structural 


1 “Tntermarriage,” by Alexander Walker, 1839, p. 116. 
? “The Philosophy of Marriage,” 1873, p.70. 3 “ Principles of Biology,” if., p. 502, 
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development has ceased. If mental growth be unduly forced before 
structural completion, structural and sexual genesis are retarded or 
impaired, Professional training in women must, therefore, fall within 
the child-bearing period. In the case of men of great mental activity 
there is marked impairment of fertility."” The cost of reproduction to 
males is greatly less than to females, and it therefore follows clearly 
that the prolonged and intensified mental growth, the result of profes- 
sional training, is to be deducted in full from the sum of the forces 
necessary to reproduction. M. Quetelet cannot doubt the influence of 
professional life upon fertility.*_ Mr, Herbert Spencer says, “that abso- 
lute or relative infertility is generally produced in women by mental 
labor carried to excess, is more clearly shown. . . . This diminution 
of reproductive power is not shown only by the greater frequency of 
absolute sterility, nor is it shown only in the earlier cessation of child- 
bearing, but it is also shown in the very frequent inability of such 
women to suckle their infants. In its full sense, the reproductive 
power means the power to bear a well-developed infant, and to supply 
that infant with the natural food for the natural period.” * 

Even were it not that absolute and relative infertility are against 
the woman undergoing severe mental discipline having children to 
inherit her improved cerebral evolution, and in favor of the average or 
inferior woman, still the very condition of this mental discipline, if 
the woman is preparing for the professions or skilled labor, involves a 
postponement of marriage to a period when, in the mass of wives, 
fecundity has received a permanent check. The average individual 
wife shows a degree of fecundity which, at the age of twenty-five, di- 
minishes,* and this is the period at which the professional woman is 
prepared to enter upon her business career, The opinion of Mr. Sad- 
ler, that delayed marriages developed a degree of fertility in women 
which compensated for the loss of fecundity consequent upon the delay, 
is completely overthrown by the tables of Dr. Duncan.® If women are 
to enter the learned professions and skilled labors, they must be devot- 
ing themselves to training at a period of their lives when the mass of 
women are wives—mothers. I think that it must be conceded as a 
fact that, to contract matrimony during this period of mental and 
hodily training, would totally defeat the selected life-work of the 
woman. The desire to become the co-worker with man upon the high- 
est level of man’s work belongs only to superior women; if, in addition 
to this innate superiority, we add that acquired from increased cere- 
bral development, the law of heredity would tend to continually en- 


'“ Principles of Biology,” ii., p. 487. 

2 A Treatise on ‘‘Man and the Development of his Faculties.” Translation. Edin- 
burgh, 1842, p. 21. 

3 Loe. cit., p. 486. 

+ Dr. Matthews Duncan, “Fecundity, Fertility, Sterility, and Allied Topics,’? Edin- 
burgh, p. 43. 5 Sadler, “ The Law of Population,” ii., p. 279. 
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large the number of women fitted by inherited traits to oceupy this 
advaneed field. But we have shown that the laws of sexual selection 
and of population are entirely opposed to the increase of women thus 
favored, and in favor of the average woman by a large per centum. 

T am inelined to regard all forees which have hitherto acted, and 
yet continue to act, upon the great mass of humanity in the ereation 
of sentiments common to the majority upon a given subject, as aeting 
with the force of a law. I conceive, therefore, that there is yet another 
law whieh explains, and tends to perpetuate, the present relation of 
women to the other sex and to society. This is the law of public opin- 
ion. The exponents of public opinion upon this subject are the women 
themselves. I do not think any one will controvert me when I assert 
that a vast majority of women are opposed to their own sex entering 
the professions. One would naturally suppose that, in the matter of 
religion, a woman’s opinion is as good as a man’s; that, with equal 
learning and experience, a woman is as competent to discharge pastoral 
duties as a man (I am assuming the physical equality of the sexes) ; 
and yet you may count upon the fingers of one hand the number of 
pulpits filled successfully by women in this great country. In this 
country women are free to enter the medical profession; bnt, with 
about as many exceptions as that of women filling pulpits, they are 
gaining but a precarious and scanty support. Now, in both the pro- 
fessions named, women are retarded by the force of opinion of their 
own sex. In all social questions, women wield a great influence. In 
these matters they are the throne, and the power behind the throne, 
In Protestant congregations, if women were a unit in favor of women 
preaching, women would preach in a fair proportion of church organi- 
zations, Ifa woman made a free choice of a physician of her own sex, 
there is scarce a household in which she would be denied her choice. 
Women seem to lack confidence in their own sex in this position. In 
the desperate diseases peculiar to women, the sorely afflicted ones seek 
the medical inan instead of the medical woman. The future has yet 
to produce the anomaly of the female ovariotomist. In the literature 
of medicine there has been but one Boivin, and hut one La Chapelle. 
The reliance upon man in moments of bodily peril is easily explained ; 
it is an inherited trait, strengthened by education. 

J have said enough to explain philosophically the present relation 
of women to the other sex, and to society. It is this relation which 
has, in the past, regulated woman’s admission into the professions and 
skilled labor. But we have now to accept the fact that women have 
entered the professions to contend with man in the struggle for exist- 
ence. In this struggle, I presume, women expect no favors. In this 
new field of contest all they ought to ask for is a fair chance to win— 
the same chances man must take. But, in view of her present relation, 
and the radical physical differences between the sexes, have they a 
fair chance, and can they take the chances of man and reach his level 
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in the professions? This is the question I shall endeavor honestly to 
solve. 

Mentally, I believe woman to be the peer of man; that there is 
nothing about law, medicine, or theology, that woman cannot learn as 
well as he; that her mental difference is a sexual difference, just as 
her bodily differences are sexual. To the question of her mental fit- 
ness for this work, other than sexual, I shall give no attention. The 
physical difference between the sexes will form the first part of our 
study of woman’s future relation to the professions, and brings us 
naturally to the discussion of the law of anatomical development as 
modified by sex. In the July number of Tur Popunar Science Monru- 
Ly, in an article entitled the “ Genesis of Woman,” I endeavored to 
assign a proper value to the functional development of woman. In 
that paper, the anatomical development of woman was studied with 
reference to her functional genesis; but here it must be studied with 
reference to her fitness for competition with the opposite sex in the 
strugele for subsistence. Now, there are certain skilled labors which 
belong to man by virtue of his superior strength. The anatomical 
peculiarities of woman do not need to be contrasted with man’s in ref- 
erence to this class of labor, and women in the lower walks of life 
have demonstrated their ability for severe bodily toil, But the intel- 
lectual work—to which Iam mainly directing my attention—to which 
women are reaching, imphes that the candidates possess the delicate 
structural development, the inherited result of ecivilizing forces. We 
can draw no inference, therefore, from that fact that women, less ex- 
posed to these forces, and more nearly approximating man in physical 
strength, fully equal him in the value of their labor. If we examine 
some of the lighter and more delicate forms of skilled labor, such as 
we would naturally conelude were peculiarly fitted for the delicate 
and nice touch of women, we find them in the hands of men almost 
exclusively. The question of mental] fitness must be excluded, for 
mentally they are as competent as man is to acquire and practise these 
arts. IJ think it can be shown that anatomical unfitness, aside from 
her inclination, is the obstacle. In the manufacture of instruments 
involving great delicacy, and, until the introduction of machinery, in 
the manufacture of watehes, as a class women were excluded. While 
not involving any great muscular outlay, these samples of skilled labor 
demand great delicacy of educated touch, While we must make great 
allowances, as an anatomical factor, for the advantage to men so em- 
ployed of the inheritance of mechanical taste and skill from fathers, 
oftentimes so employed for generations, yet it is a common error to 
suppose that employments which involve delicacy of manipulation do 
not require strength, as great in degree as, but differing m kind from, 
that demanded by more hardy labor. Educated, coordinate muscular 
movements depend more than any other upon strength and certainty 
of muscular contraction. In no particular, aside from sexual differ- 
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ences, is the male skeleton so greatly different from the female as in 
the irregularities and asperities of the bones for the attachment of 
the museles. While in man they form a marked feature of his bony 
structure, in well-formed females they present but a comparatively 
scanty development. It is true that both muscles and osseous irreg- 
ularities, for their origin and insertion, may be developed by training, 
yet woman, as at present related to the other sex, has not only to 
acquire his strength, by a course of extra training, but she must equal 
him in skill, if she is to prove a successful competitor for his place. 
These comparisous between the physical strength of the sexes would 
be altogether unfair, were it not for the fact that they are invited by 
the position women have elected for themselves, and are essential in 
giving an opinion of woman’s chances of success. 

The fact that those employments are chosen by women which per- 
mit a sitting position is significant in this relation. Woman is badly 
constructed tor the purpose of standing cight or ten hours upon her 
feet. I do not intend to bring into evidence the peculiar pcsition 
and nature of the organs contained within the pelvis, but to call 
attention to the peculiar structure of the knee, and the shallowness 
of the pelvis, and the delicate nature of the foot as part of a sustaining 
column, The knee-joint of woman is a sexual characteristic. Viewed 
in front and extended, the joint in but a slight degree interrupts the 
gradual taper of the thigh into the leg. Viewed in a semi-flexed 
position, the joint forms a smooth, ovate spheroid, The reason of this 
lies in the smallness of the patella in front, and the narrowness of the 
articular surfaces of the tibia and femur, and which in man form the 
Jateral prominences, and thus is much more perfect as part of a sus- 
taining column than that of woman. The muscles which keep the 
body fixed upon the thighs in fhe erect position labor under the dis- 
advantage of shortness of purchase, owing to the short distanee—com- 
pared to that of man—between the crest of the ilium and the great tro- 
chanter of the femur, thus giving to man a much longer purchase in the 
leverage existing between the trunk and extremities. Comparatively, 
the foot is less able to sustain weight than that of man, owing to its 
shortness and the more delicate stincture of the tarsus and metatarsus. 
T do not think there can be any doubt that women have instinctively 
avoided some of the skilled labors on anatomical peculiarities. 

The question is in order, To what extent will these anatomical 
disadvantages act as a bar to her future progress? The present. skill 
of man is the sum of functional and organic evolutions attendant 
upon countless generations. Women, during this period, have also 
been passing through the same series of evolutions. But the sum 
attained by women, although equaling that reached by men in sex- 
nal value, differs totally in kind. Under the condition of the sexes 
we are studying, these lines of evolution must maintain a perfect 
parallelism in order to secure equality in the sexes. Physically and 
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intellectually, the two sexes must move side by side to future evolnu- 
tion, At present, woman must unlearn part of her innate education, 
and acquire some of that of man; otherwise she cannot equal him in 
value of skilled labor. Woman must be content to grow up, to evolve, 
generation by generation, to a position from which she can compete 
with man in the fields of labor. I believe this condition of things not 
only can be realized, but in the course of generations will be reached. 
When we reflect that the present impaired value, in a labor point of 
view, of educated women is but the result of civilizing forces and the 
increment of inherited traits, and that women in lower or savage 
life fairly equal men in the value of their muscular development, we 
have every reason for this belief. The reader must bear in mind that 
Iam treating of the sex asa unit, Individual exceptions, which always 
have occurred, and, however prolonged the existing relation of the sexes 
may be, probably will ever occur, do not apply as negative facts to my 
argument. The laws of sexual selection, of population, and of hered- 
ity, will oppose the advance of women, other than in this exceptional 

yay. But there exists in society a force which is tending to the par- 
allel evolution of the sexes. This force lies in the large excess of fe- 
males in the adult population of many countries. Stern necessity will 
force—if this condition of affairs continues in the future—a large per- 
centage of this excess to compete with man in the professions and 
skilled labor. Many of these trained women will marry and have 
children, and thus form nuclei, divergent lines from which will extend 
into posterity, ever adding increment upon increment to the forces 
which tend to parallelism in the evolution of the sexes. 

The purely sexual anatomical differences I shall say nothing about ; 
but the functional resultants of these anatomical conditions, both men- 
tally and physically, must be studied with reference to their ettect 
upon woman’s chances of success. If we examine carefully the men- 
tal action of women, we perceive in it an undercurrent of sex, As 
there are organs which characterize sex, so also is there a sexual cere- 
bration, We know from experience that this unconscious dominance 
of sex in cerebration in no way interferes with high culture, and the 
exercise of the best qualities of mind: Jt is a normal condition of 
mental action in women, but its existence implies conditions which 
may at any moment render mental action abnormal. Take the emo- 
tions, for instance, the undue exercise of which are so liable to assume 
morbid proportions, as in hysteria, Here sex, when it asserts itself 
unduly, obtrudes inharmoniously into what otherwise would be healthy 
mental action. Jt is in this class of mental actions, termed the emo- 
tions, that the mind of woman forms part of the sexual cycle, Some 
of these actions are so elementary that they are called instincts. The 
maternal affection, and also love, partakes of this instinctive character. 
The exercise of the sympathies is more general and active in women 
than in men. This is one of the features which give such beauty to 
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the character of women, and is not the result of education, Mungo 
Park tells us that, when sick and thirsting, and maltreated by the 
natives of Africa, the women of the savage tribe visited him and sup- 
plied his wants. I will give ene instance, which is a type of charac- 
ter, and shows how sympathy and natural feeling may interfere with 
professional advancement, 

The wife of a practising physician, being of a scientific tendency 
of mind, acquired a theoretical knowledge of her husband’s profession. 
The husband died, and left the widow poor and with several children, 
some of them so young as to demand much of her time and thought. 
She continued the study of medicine with the design of making it the 
means of support for herself and children. To this end she attended 
lectures at a woman’s medical college. Before she obtained her di- 
ploma, an old, superannuated Presbyterian clergyman excited her sym- 
pathy by his forlornness. She gave him a home in a very womanly 
way—she made him her husband. Ilere was a double burden—an 
old man, and little children, This physician, although laden with her 
great, womanly heart, was prosperous in a small way, She secured 
the position of house-physician in the hospital connected with the col- 
lege, with a small salary, and with sufficient time to attend to private 
patients. Her pecuniary prospects were better than those of young 
physicians of the other sex. The husband soon died, At this point 
in the history occurred an incident which seems to me to be phenome- 
nal, and yet is typical. A second old clergyman, equally forlorn 
and wretched as the first, accepted the charity of this woman by be- 
coming her husband. Her practice slowly increased ; her children 
were well clad and well educated. .A daughter married, and moved, 
with her husband, to a distant city. A son studied medicine, and the 
last husband died. The next act im this singular history reveals an 
intensity of maternal feeling entirely opposed to a business success in 
a difficult profession. Gifted with a fine mind, as thoroughly edu- 
cated in her profession as the majority of medical men, with good 
health, and having reached that time of life when she was functionally 
at rest, and with every encouragement to remain at her post, yet she 
made a better mother than doctor. She resigned her position in the 
hospital ; abandoned her private practice ; and moved to the eity in 
which her daughter resided, in order to be near her child and grand- 
children—and there, in a strange community, recommenced the difii- 
cult occupation of a female physician. This history is truly a physio- 
logical study, and reveals the intensity of feeling which may exist in 
all women upon subjects which lie near the heart. 

The common standard of professional success is a pecuniary one. 
Public opinion will apply this standard to women as rigidly as it does 
tomen. It is a common experience to meet men of the highest men- 
tal training in their professions, yet who fail completely in a business 
sense, owing to idiosyncrasies of mind. In this way the sympathies 
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and affections to which women are prone will retard them in their 
pursuit of a profession as a business investment. In the medical pro- 
fession, to which women have a special leaning, the constant witness- 
ing of human suffering and misery will call mto play emotions which 
will interfere with the calm and deliberate study of each ease, which 
its rational treatment will demand, The same objection applies to 
men; the medical man is rarely to be trusted to treat a difficult case 
in his wife, or child, or himself. 

There is one fact in woman’s functional life which is of vast im- 
portance to the subject of this paper, and which I refer to with great 
reluctance. This fact is ovulation. The mental reaction of this fune- 
tion is oftentimes of sueh a character as, for the time, to totally inca- 
pacitate for professional or other mental work. As this paper is 
written solely with the view of arriving at the truth in a matter of 
great practical importance, I must let this serve as my apology for 
referring plainly to this subject ; and this importance requires that 
J let others, who are acknowledged authorities in gynecology, speak 
for me. 

Dr. Robert Barnes, of London, the author of the latest work upon 
gynecology, uses the following unequivocal language: “The mind is 
always more or Jess disturbed. Perception, or at least the faculty of 
rightly interpreting perceptions, is disordered. Excitement to the 
point of passing delirium is not uncommon. hrritability of temper, 
disposition to distort the most ordinary and best-meaning acts or 
words of surrounding persons, afflict the patient, who is conscious of 
her unreason, and perplex her friends, until they have learned to un- 
derstand these recurring outbursts. . . . Not even the best-educated 
women are all free from these mental disorders. Indeed, the more 
preponderant the nervous element, the greater is the liability to the 
invasion. Women of coarser mould, who Jabor with their hands, 
especially m out-door occupations, are far less subject to these ner- 
vous complications, If they are less frequently observed, if they less 
frequently drive refined women to acts of flagrant extravagance, it is 
because education lends strength to the innate sense of decorum, and 
enables them to control their dangerous thoughts, or to conceal them 
until they have passed away.”’* Another of the accidents attendant 
upon ovulation is hysteria. Dr. Tilt defines it as a disease peculiar to 
women during the reproductive period of life, and is often known to 
return at cach period of ovulation.? This function is constantly Hable 
to accidents. Speaking of the mental effects of emenorrhea, a discase 
to which every woman is liable who follows an intellectnally rather 
than a physically active life, Sir J. Y. Simpson says that she becomes 
“subject to fits of excitement which come on most frequently at a 
menstrual period, and which usually assume an hysterical form, but 


1“ A Clinieal History of the Medical and Surgical Diseases of Women,” p. 162. 
2“ Diseases of Menstruation and Ovarian Inflammation,” p. 129, 
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are, at times, almost maniacal in eharacter.”* I shall make but one 
other quotation, and I am glad to say that it bears directly and prac- 
tically upon this matter. Dr, IL. R. Storer, of Boston, is reported to 
have spoken as follows in a debate at the Gynecological Society of 
Boston, May, 1870: ‘In the present excited state of public opinion, 
it were foolish, and at the same time unkind, to object to female physi- 
cians upon any untenable grounds; and he frankly stated that the 
arguments that physicians had usually employed, when discussing this 
subject, were, almost without exception, untenable. Some of the 
women who were desirous of practising physic and surgery were just 
as well educated for the work, had just as much inclination for it, and 
were as unflinching in the presence of suffering, or at the sight of 
blood, as were many male practitioners, They had a right to demand 
an acknowledgment that, in these respects, they were as competent to 
practise as are a large proportion of ourselves. There is, however, 
one point, and it is upon this that the whole question must turn, that 
has till now almost wholly been lost sight of: and this is the faet that, 
like the rest of their sex, lady doctors, until they are practically old 
women, regularly menstruate, and are therefore subject to those alter- 
nations of mental condition, observable in every woman under these 
circumstances, which so universally affect, temporarily, their faculties 
of reason and judgment. That these faculties are thus affected at the 
times referred to is universally acknowledged.” * 

Many other authors may be cited to the same effect ; but these are 
sufficient to render evident the possibilities of danger, if not of dis- 
aster, to women subject to the ceaseless calls of professional life, 

Among popular writers upon this subject, the matter of wifehood 
or motherhood has been treated as if, were woman willing to sacrifice 
some of her traditional feeling, and voluntary likings for the other 
sex, She might cast off the fetters of these honorable conditions, and 
move on untrammeled to the study and practice of a profession. We 
have been studying woman, in her relation to the subject of this paper, 
asa sexual being; and, if we continue the study in the same direction, 
we must arrive at. the conelusion that marriage is not an optional mat- 
ter with her, On the contrary, it is a prime necessity to her normal, 
physical, and intellectual Jife. There 1s an undercurrent of impulse 
impelling every healthy woman to marry. That this is a law of her 
sexual being we know by the positive evidence of medical men and 
others. We also know that the married woman exerts a more marked 
influence upon men, and society in general, than the celibate. There 
is also, among married women, a more perfect equilibrium between 
the intellectual, physical, and sexual forces; and yet, necessary as 
marriage is for woman, in the present relation of the sexes, it must in 
every way impair her prospects of success in professional work. 

1© Diseases of Women,” p. 617. 
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The efleet of celibacy npon women has often clicited the remarks 
of gynecologists, Dr. Tilt says of marriage: “It is easier to prove 
the benefits of marriage than to measnre accurately the evils of celi- 
bacy, which I believe to be a fruitful source of uterine disease. The 
sexual instinct is a healthy impulse, claiming satisfaetion as a natural 
right.” Again: “An enlarged field of observation convinces me 
that the profession has not In any wise exaggerated the influence of 
marriage on women, and that its dangers are infinitesimal as com- 
pared with those of celibacy.” ? Nearly every treatise upon gynecol- 
ogy may be quoted to establish the same fact. It is upon the mind 
of woman that the defeated sexuality acts reflexly in a morbid man- 
ner. Dr, Maudsley, who has had abundant opportunities for observa- 
tion, says: “The sexual passion is one of the strongest in Nature, and 
as soon as it comes into activity it declares its influence on every pulse 
of organic life, revolutionizing the entire nature, conscious and uncon- 
scious; when, therefore, the means of its gratification entirely fail, and 
when there is no vicarious outlet for its energy, the whole system feels 
the effects, and exhibits them in restlessness and irritability, in a mor- 
bid self-feeling taking a variety of forms.” * While it is true that the 
engrossing cares of professional life, or of a skilled labor, will serve as 
a partial “vicarious outlet for its energy,” in contrast to an idle life, 
yet this will in no manner act as a substitute for the natural expres- 
sion of this physiological want. Its constant suppression will tinge 
the thought and manner of the woman. This is not an unreasonable 
statement, when we reflect that bodily derangements, not at all serious, 
will often account for changes in the mind and manner, as well as for 
the entire mental habit of men otherwise strong. If we contrast ber 
with man in this respect, the chances are infinitely against woman in 
professional life. The penalty of sex is an episode in man’s life. The 
tribute to his sexuality once paid, he is practically unsexed, and the 
trained intellectual man moves among women and men with scarcely 
more than a consciousness of his reproductive faculty. But sex in 
woman is a living presence. From the age of fifteen to that of forty- 
five, her life is crowded with startling physiological acts. Ovulation, 
impregnation, conception, gestation, parturition, lactation, and the 
menopause, contend with each other for supremacy—each act a mys- 
tery; each attended with its peculiar peril; and most of them evoking 
in its behalf the highest efforts of which her physical organization is 
capable. Tt will demand genius indeed to enable woman to rival man 
in the field of labor, and, at the same time, contend with the zrevorable 
law of reproduction. 

Having shown that women are not free agents in the matter of 
marriage, but do so in ‘obedience to a primal law of their sexual life, 
we will next consider what are the chanees for the married women in 


1“ Uterine Therapeutics,” p. 224. : 2 Loe, ctt., p. 127. 
3“The Physiology and Pathology of the Mind,” p. 208. 
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professional life. In a physiologieal study such as this, we will not 
eoneern ourselves with the soeial obstacles a married woman must 
eneounter. We have a right to consider every woman who has a 
husband as cither a mother, or liable to become one. Any attempt 
on the part of a wife to ayoid children in order to free herself of that 
obstacle to professional life would be attended with consequences to 
her mental and physieal health which would seriously impair her use- 
fulness.2. The end and aim of woman’s sexual life is perfected by 
maternity. It broadens and elevates her intellectually and physically. 
The influence over socicty reached by wives-mothers is a natural out- 
come of the stimulus of maternity. The maternal instinet, which 
lies dormant in the nature of every woman, awakens her mental being 
into increased activity the moment it is ealled into life, I think that 
it is for this reason that frail women, with no knowledge of life, when 
widowed, often sueceed in keeping their families together and pro- 
viding for them. With the woman who is constantly liable to the 
demands of a profession, or skilled labor, the maternal affeetion, anx- 
iety, or care, may intrnde at moments when her ocenpation will de- 
mand her highest mental efforts. The manual labor of rearing chil- 
dren the professional woman may delegate to others, but the ecaseless 
love, eare, and forethought, so beautiful in a mother’s love, the true 
woman must assume herself. Physically, children are neeessary to 
the married woman. The sterile wife is constantly exposed to dis- 
eases that the feeund wife is comparatively exempt from, The sterile 
wife is not a normal woman, and sooner or later this physical abnor- 
mality finds expression in intelleetual peeuliarities. Not npon the 
mind alone, but upon the body as well, does motherhood have a ma- 
turing influence. Gestation is nearly the completion of the sexual 
function. The process involves increase in the size of the heart, and 
in the volume and strength of nearly all the muscles of the body! It 
is evident from this that gestation is not only a funetional completion, 
but it is necessary to struetural maturity, and to me it seems a natural 
corollary that it has an equal effect in increasing mental vigor. ITay- 
ing shown that marriage is in obedience to a physiological law, and 
that maternity is necessary to insure mental and bodily health in the 
mass of women, it is proper for us to ascertain if the last of these 
conditions—gestation—is not of itself, physically and mentally, an 
obstacle to professional life in women. The physical ineapacity is 
too evident to need any comment. 

Mentally, the changes undergone are most singular and multiform, 
and operate upon the cultivated and ignorant alike. Dr. Montgom- 
ery, speaking of the nervous irritability of pregnancy, says: “It dis- 
plays itself under a great variety of forms and cireumstances, render- 

1 Bourgeois, “The Passions in their Relation to Health and Disease,” p. 162, e¢ seg. 
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ing the female much more excitable and more easily affected by exter- 
nal agencies; especially those which suddenly produce strong mental 
or moral emotions, Hence the importance of preventing, as far as 
possible, pregnant women from being exposed to causes likely to dis- 
tress, or otherwise strongly impress their minds.”’ These objective 
mental conditions described by the author must not be regarded as 
exceptional; on the contrary, they are classed among the usual symp- 
toms of that condition. Still more marked mental disturbances may 
occur and are not rare, as in the following quotation from Dr, Storer: 
“Strange appetites, or longings, as they are called, and antipathies, 
are well known as frequent attendants on pregnancy in many per- 
sons.”* And further: “The evidence that I have now presented 
proves that the state of pregnancy is one subject to grave mental and 
physical derangements, giving rise to serious anxicties, and requiring 
judicions treatment.”* These mental effects are of minor importance 
in the relation we are studying, when we consider the fact that abso- 
lute insanity may be an accompaniment of either gestation, or follow 
parturition. Dr. Maudsley refers to this as explaining the excess of 
female insane over that of the other sex.‘ 

Dr. Forbes Winslow draws a startling picture of this catastrophe: 
“When, after numerons struggles to repress them, the propensities 
excited into such fearful and almost supernatural activity hy ovarian 
irritation burst forth beyond all control, and the pet of the family 
is seen to be the opposite, morally, in every respect to what she had 
been—irrcligious, selfish, slanderous, false, malicious, devoid of affec- 
tion, thievish in a thousand petty ways, bold, maybe erotic, self-willed 
and quarrelsome; and if the ease be not rightly understood, great and 
often irreparable mischief is done to correct what seems to be vice, 
but is really insanity.” ° 

We have but one other sexual accident to consider which may act 
as a bar to woman’s progress in the professions. These accidents are 
incident to the climacteric period of life. This period includes the 
years between forty and fifty, and, judging from men, a professional 
woman ought then to be most actively engaged in her occupation. It 
is during the functional changes then taking place that women are 
exposed again to the dangers which attend the advent of puberty. It 
is the second and last crisis in the functional life of woman. We will 
let the mere bodily diseases of this period pass unnoticed, and refer to 
those of cerebral origin, as mind forms the working organ of the pro- 
fessional woman. Dr. Bedford regards the varicties of nervous irrita- 
tion peculiar to this period as “beyond calculation.” * In fact, itis upon 


1 “Signs and Symptoms of Pregnancy,” p, 17. 

2“ The Causation, Course, and Treatment of Reflex Insanity in Women,” p. 139. 
* Ibid, p. 148. 4 Op, cit., p. 207, 

5 Journal of Psychological Medicine, January, 1851, p. 43. 
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the nervous system principally that the cessation of ovarian function 
acts reflexly in an abnormal manner. Thus, 500 women divided among 
them 1,261 forms of cerebral disease, confirming the general belief in 
the frequency of cerebral diseases at the change of life.’ The liability 
to insanity at this period is greater in women than in men. Leaving 
out of consideration such an extreme result as insanity, yet the lighter 
shades of nervous derangement which would entirely unfit a woman 
for healthy mental work are so multiform, and to which men are 
in no way exposed, that it is evident that at this period woman 
would encounter some of the most stubborn barriers to her success in 
professional life, The professions, in giving undue employment to the 
mind, would greatly predispose a woman so employed to nervous dis- 
ease at the change of life. Her very employment, to which many are 
working their way so bravely, is almost sure to entail suffering and 
danger at a period when educated and refined women, more than any 
others, require mental and bodily repose, and which the nature of their 
employment forbids. With this brief notice of this important crisis in 
the life of woman I shall close this part of the subject, and simply 
offer, in conclusion, a summary in the form of a 


RECAPITULATION. 


The moral subjection of woman to man is a sexual peculiarity. 

This has been perpetuated and intensified in the human family by 
the law of heredity. 

That the tendency of civilization and education to antagonize this 
subjection of the sex is neutralized by the law of sexual selection, 

That the chances of intelectually active women leaving issue to 
inherit their improved mental character are greatly in favor of the 
average woman in obedience to the law of population. 

That women are retarded in their advancement to professional 
work by public opinion. 

That women have unconsciously avoided some of the skilled labors 
by reason of anatomical unfitness, and which will be operative in the 
future. 

That sexual cerebration is liable to assume undue prominence in 
the cultivated and ignorant alike, and thus unfit her for professional 
mental work. 

That women marry in obedience to a sexual law, and not from 
choice; and that marriage, in the present relation of the sexes, is an 
obstacle to professional success. 

That if women remain single, in order to enhance their professional 
success, celibacy entails many physical and mental evils, which will 
impair their value in professional life. 

That ovulation may, in many cases, be the eause of mental excite- 
ment, or require strong efforts of repression, which would unfit her, for 
the time, for professional work. 


1Dr. Tilt, “The Change of Life in Health and Disease,” pp, 164, 185. 
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That children are necessary to the mental and physical health of 
married women, but that maternity is unfavorable to success in skilled 
labor or the professions. 

That the functions of gestation and parturition are very liable to 
be attended with mental disturbances which would totally defeat a 
professional career. 

That the change of lite is a critical period, prone to be attended with 
mental and bodily infirmities, unfitting a woman for professional work. 

With such possibilities before her, and such necessities urging her, 
what chance has woman of successfully competing with men of me- 
diocrity in professional life, or in skilled Jabor ? Jt must be the intent 
of every woman who essays a professional hfe to do man’s work as 
well as man can do it, and to secure man’s reward for such well-doing. 
But, I cannot avoid the conclusion that, in the present relation of the 
sexes, such a standard is impossible of attainment. Whether the con- 
ditions which have created and continued the present relation of the 
sexes will operate as potently in the future as in the past, is a difficult 
question to answer. I have already said that, in my opinion, there 
now exist in society forces which will tend to modify the dependence 
of women. Prominent among these is the persistence with which 
women are working their way to new relations, which, if continued, 
will certainly bear fruit, and evoke in its behalf the law of heredity, 
which is now opposed to them. If we look upon society in a scientific 
spirit, we must recognize it as a field in which antagonizing forces are 
contending, This effort of woman to invade all the higher forms of 
labor is a force battling with the established order of sexual relation. 
The inertia which it enconnters is the universal attendant of estab- 
lished facts in society. If this effort of woman is continued into com- 
ing generations, [have no doubt but her relations to society and labor 
will be in many respects modified. But I believe a long series of 
generations must pass before women can equal the labor value of 
men in the professions. 


REASON AGAINST ROUTINE IN THE STUDY OF 
LANGUAGE, 
FROM THE FRENON OF CLAUDE MAROEL. 
Parr IL 
GRAMMAR.—Can the exercises of the university and of our 
« lyceums give to pupils the advantages they ought to expect 
in linguistic study ? No,a hundred times no! There is little in these 
exercises that addresses the judgment, or that will be useful in the 
course of life. The pupils never read authors, they translate them 
before they comprehend them ; or else translate them in fragments— 
two infallible means of never knowing them, 
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The first book put into their hands is a grammar, the most abstract, 
the most fatiguing, the most unintelligible book that can be imagined, 
while, at the same time, it is the most useless at the beginning of the 
study, when the pupil has not yet gained a knowledge of the facts on 
which it rests, Contrary to reason, the grammar treats of words that 
occupy the attention before the ideas they represent. It is but a col- 
lection of rules and definitions, more or less obscure, incomprehensible, 
and inapplicable, as preparatory study. 

If, as reason teaches, the art of reading is the first object of this 
study, gramumar is not the least help in securing this end: it does not 
give the meaning of phrases and words, the only difficulty in begin- 
ning to read a foreign language. The thought of the author, in other 
words, the translation that interprets it, not the grammatical condition 
of the words, should be the first object of consideration with the be- 
ginner. He might know the grammar from beginning to end without 
understanding a word of the language, It certainly is not the art of 
reading, and cannot be the introduction to the study of language. 
The method that gives priority to the arts of speaking and writing 
has recourse to grammar at first ; for, in default of example, rules are 
the only guides of study. But in reading, as in listening, the phrase 
presents itself, as a whole, to the mind; rules which codrdinate the 
composition have no force until its parts are understood. It is, in 
fact, by language that we comprehend the grammar, not by grammar 
that we comprehend language. 

Admitting that grammar teaches to speak and write correctly, 
that is not teaching to speak and write, but only to do them correctly ; 
in other words, to avoid or correct errors that might glide into expres- 
sion and thought. It is, therefore, necessary to begin by speaking or 
by writing, to get any advantage from the rules of grammar. 

In beginning with grammar, children do not see its utility, and 
are disgusted. They are neither interested nor profited, because they 
do not give it their attention. On the contrary, what interest gram- 
mar awakens, when, in place of presenting it dead, so to say, in an ab- 
stract manner, it is made to arise from the phraseology, rousing the 
curiosity, leading to the generalization of facts through observation 
and reflection, and so opening a vast field to the intellect ! 

Of all the means that tradition and routine have established in 
teaching language, grammar is, perhaps, the most prejudicial in re 
tarding practical knowledge. By a deplorable violation of the laws 
of Nature, substituting synthesis for analysis, putting precept before 
example, theory before practice, grammar is made the base of lan- 
guage, The minds of children are loaded with principles and theories, 
roots of words and their etymologies, as if they were all to be philolo- 
gists and teachers of languages. 

Grammar indicates, only in a limited way, the received usage; 
there are many idiomatic expressions concerning which it is no help. 
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Tt does not explain the value of-words, nor their proper use, and adds 
little tu our vocabulary, though an abundance of words is indispen- 
sable to correct speaking and writing. It teaches neither pronuneia- 
Gon nor aceent, nor the orthography of the variable parts of words, 
nor their diverse meanings, nor the difference of signification between 
words improperly called synonyms, nor the propriety of figurative 
language, nor any of those delicacies of expression which constitute 
the genius of a language, and characterize a clear, elegant, and correct 
style, So grammarians, who devote their lives to the rules of lan- 
guage, are searcely famous for their style. I do not know of one who 
has ever distinguished himself as an orator or writer. On the con- 
trary, the greatest writers, such as Corneille, Paseal, Molitre, La Fon- 
taine, and others, owe nothing to grammar; it did not exist in their 
time, The same is true of Homer, Thucydides, Virgil, Cicero, Dante, 
Petrarch, Milton, and Shakespeare. Grammar, then, is not the art of 
speaking and writing correctly, and still less is it the art of reading, 
by which we ought to commence the study of language. “I should be 
glad,” said Locke, “if I could be shown the language that could be 
learned by the rules of grammar.” “ A century of theory,” said Le- 
mare, “will not advance us a step in the knowledge of language.” “It 
is the grossest mistake,” said Condillac, “to commence with rules.” 

M. Jules Simon, in suppressing the mnemonic lessons of grammar, 
has rendered a true service to linguistic teaching. Rules, no matter 
what, or how many, confided to the memory, will never instruct a 
man, nor will they give habits of patient observation, A man might 
learn by heart all the laws that govern the sciences, and hold them as 
certainties, without at all developing his intelligence. If we could 
introduce into a man’s head, without effort on bis part, a knowledge 
of all the facts and results of scientific research, he would be in reality 
less capable than he who had learned, by a rational method, to work 
out a sum in the rule of three. 

As a corollary of the grammar, children make grammatical analy- 
ses which draw their attention to the classifieation and function of 
words, but do not in any way enable them to understand an author, 
or express their own ideas, or exercise the judgment. These analyses 
teach grammar, not language. The man without the least ability for 
making them understands what he says, or what is said to him, as 
well as the most profound grammarian. 

JI. Or Tuemes.—The theme, auxiliary to the grammar, and the 
favorite exercise of the university, is no better than the grammar to 
teach reading. The understanding of a written text does not imply the 
power to write. Reason requires that the learner read before writing, 
and so secure the means of knowing good usage and imitating the 
style of great writers. The particular figurative words of a language 
that have no French equivalents, and the idioms of frequent use in 
conversation, are quite outside of themes which simply exemplify the 
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rules of grammar. They give some exceptions, but few in compari- 
son to the whole number. The verb faire, to make, for example, is 
translated into English in more than a thousand different ways, in as 
many idiomatic forms of expression. Frequent intercourse with for- 
eigners, or else assiduous reading of good writers, can alone make 
these expressions familiar. Besides, it is contrary to reason to oblige 
children to compose in a language they will never, perhaps, have oc- 
casion to write, when comparatively so little effort is made to acqnire 
the talent in their own language where it is so useful in every moment 
of life. 

Sourees of error and ennui as are these sterile tasks, they seem cal- 
culated to mislead, rather than to form, the jndgment. Like most 
routine processes, they appear to have been invented to give masters 
business in correcting errors that would have been impossible by pro- 
cesses conformed to reason. 

Themes are condemned by all writers upon linguistic study. Rol- 
lin, timid as he was in reforms of teaching, said: “To compose well 
in Latin, one must know the turn, the phrases, the rules of that Jan- 
guage, and have aceumulated a considerable number of words, the 
force of which he feels, and of which he can make a proper applica- 
tion, All this can be done only in translating authors who are living 
dictionaries and speaking grammars; by which he learns the foree 
and true use of words, of phrases, and of rules of syntax. To do this, 
themes must be absolutely discarded, as they only torment children 
by painful and useless labor, and give them disgust for a study which 
brings them only reprimands and punishments.” The intimate rela- 
tion between thought and style, in composition, exercises the highest 
reason only when the language is the direct and spontancous expres- 
sion of ideas, as it is in the mother-tongue; but, in writing a theme, 
the student is not occupied by the thought; his attention is only 
directed to the words—their orthography, their concordance, and their 
arrangement, conformably to the rules he has under his eyes, or that 
he has previously studied. Wowever, the university makes the knowl- 
edge of a language consist in the art of writing it, the least useful 
part, the least interesting, and the least ealculated to exercise the in- 
telligence under the conditions in which it is done. The translation 
of a native author into a foreign language, which is frequently imposed 
upon beginners, surpasses in absurdity the method of syntactic themes. 
It demands of the inventive faculties that which depends solely on imi- 
tation. How, without having heard a langnage, or read it much, with- 
out knowing the true value of its words, without knowing what ap- 
proved usage allows or condemns, and in complete ignorance of its 
idiomatie forms of expression—how, I say, cau a pupil form correet 
phrases? Knowing neither the different acceptation of words, nor 
the shades of meaning which distinguish synonymons words, nor the 
constructions peculiar to the genius of the language, the student never 
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hag oceasion to compare, to judge knowingly; he chooses neither the 
proper word nor the most suitable form, and cannot aim at clearness, 
force, or elegance of style. The longer he perseveres in this thank- 
less work, the less chanee has he of ever writing the foreign langnage 
in its idiomatic purity. Latin compositions of this kind have been 
kept np to the present time, because they were not controlled by 
critics of the time of Augustus. 

Translation into the national language presents numerous difficul- 
ties to those who best understand it. Lamartine called a translation 
the most difficult of all books to make; and we set young children at 
this work in an idiom whieh is nearly unknown to them. As well 
force them to walk with the head in a sack, It is a real tyranny. 

The hours passed out of school by the unhappy victims of routine, 
in writing their themes and versions, leave little leisure for reading ; 
while, on the other hand, the correction of tasks consumes time in 
class which would be better employed in studying the great writers 
of Athens and Rome. With an excess of zeal, the master often corrects 
the tasks of his pupils at home, consuming time which might better be 
given to his own improvement. 

In the intervals of the lessons, the pupils of the lyceums read what 
the professor ean hear them translate in class—an insufficient amount 
of practice for acquiring the art of reading in the school-period. They 
translate scarcely thirty lines a day in class, two or three times a 
week, making a small volume in a year, when the complete acquisition 
of this art would require the reading of more than fifty volumes. The 
remedy for this evil would be an initiative, on the part of the pupils, 
which would lead them to read outside of the lessons of the master; 
but, unhappily, this initiative is not enconraged. Grammar, themes, 
memorized lessous, and translations with the dictionary, are too dis- 
conraging, and do not dispose to voluntary effort. 

One of the worst evils of the university system is, that not a step 
ean be taken without a master. In place of exercising the pupils in 
the imitation of good models, which would in part dispense with his 
aid, they are pushed in a false direction, where they seek their way 
painfully, and cannot advance without help; while the professor dis- 
courages them by corrections which are renewed withont ceasing. 

Self-cuidance is the first condition of a reasonable, improvalle 
being. Children shonld learn at school how to study alone—to dis- 
cover for themselves what they wish to know. In giving them no 
initiation, in denying them their free-will, we prepare them to resign 
themselves to the passive part imposed upon the nation by govern- 
ments that take the initiative in all measures of social interest. We 
thus form subjeets for a tyrant, not citizens of a republie. 

JIJ. Oran Transiation.—In the beginning, translation is only a 
means, yet, strange to say, it is the means only that is regarded in the 
lyeeum, without ever thinking of the end to which it conduces. And, 
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still worse, it is translation word by word. This occupation of the 
mind with words is bad in many respects: it does not appeal to the 
judgment of the pupil, who, in ignorance of the subject, translates 
them at a venture; it does not permit him direetly to associate the 
idea with the word of a foreign language; it hinders the understand- 
ing of the text; for, the words sought by the aid of the dictionary 
and in the order of the foreign text being found by him in a disorder 
to which he is not accustomed, they do not present a clear and definite 
meaning. On the other hand, no two languages ever correspond word 
for word, In each there are a great number of phrases with no equiv: 
alents in the other, and, consequently, ideas that cannot be rendered 
into it. Hence it is impossible always to translate faithfully. 

Translation with a dictionary, whieh substitutes the fingers for the 
intelligence, and, scorning reason, proceeds from the sign to the idea, 
rests on the false principle of the identity of signification in the cor- 
responding words of two languages. Moreover, by its slowness, by 
the multiplicity of its interpretations, and the tediousness inseparable 
from its use, it repels beginners and retards their progress, Besides, 
to a child little versed in his own language, words translated one by 
one present but a vague meaning, or none at all, The text, which 
alone can determine it, he does not understand, Explain the unknown 
by the unknown; such is the vicious circle in which the dictionary 
places him, 

It is, in part, to this illogical, repelling process that we must, in 
the majority of cases, attribute the failure of linguistic study. Those 
who say that the use of the dictionary impresses the words on the 
memory mistake strangely. They forget that this way of finding the 
neaning is not the fruit of retleetion, and, consequently, leaves no 
traces in the mind. It is a simple acceptance of another’s word, with 
the further uncertainty arising from the diverse interpretations of each 
word. <A few years after leaving the lycenm, what do we know of the 
Latin and Greek learned with the dictionary 2? With this pretended 
auxiliary, observation and judgment are entirely inactive. The stu-- 
dent does not choose between different interpretations, for, not know- 
ing the thought of the author, he cannot know what would render it 
most faithfully. 

Indireet reading or oral translation is insufficient, at all stages of 
advancement, to give a neat and precise idea of the thought of the 
writer, or appreciation of the literary value of a work. Still less, by 
its means, could the scholar study science with profit. The search 
for expressions corresponding to those of the original prevents the 
mind from following the logical connection of ideas, and from aban- 
doning itself to the meditation which such serious subjects require. 
It is only in direct reading that the attention is left free from foreign 
considerations, and can enter fully into the thought of the author, 

All the qualities and graces of style, which are the principal merit 
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of works of imagination, are lost when the attention is absorbed in 
the choice of words which will best render the thought of the author. 
Poetry, especially, cannot be read by the translator, All its beauties 
and merits disappear in passing into the prose of another language. 
Besides, the study of poetry is of no use in acquiring the materials of 
discourse for the exchange of thought with foreigners, or in following 
the progress of elvilization among other people. The student should 
enter upon such reading only at an advanced period of study, when 
he ean mark the rhythm and the cadence. Milton, for instance, who is 
on the programmes of the university, is not understood by the ma- 
jority of the English, and yet our young people, who have not read 
wore than four or five volumes of English prose, are expected to un- 
derstand it in the translation ! 

IV. Prontnciation.—The premature exercises in pronunciation, 
made necessary by the priority given to the art of speaking, are con- 
trary to reason in proceeding from letters to sounds ; since it is neces- 
sary to know the pronunciation in order to establish the value of the 
signs which represent it. It is this inversion of logical order which 
has given birth to reading aloud, to all the systems of written prouun- 
elation, to all those dissertations on the letters of the alphabet in the 
beginning of most grammars. 

The real use of reading aloud is to test the progress made in pro- 
nunciation; and, when once it is acquired, to keep it in memory by 
practice. But, at the beginning of study, it is a process doubly irra- 
tional: it implies that the sign Jeads to the thing signified previously 
unknown ; and it presents characters to the eye instead of sounds to 
the ear, thus moulding the pronunciation upon the orthography, which 
often represents it only imperfectly; especially in the case of the 
English language. The attention of the pupil is oceupied with the 
pronuneiation of words without regard to their meaning, to which 
pronunciation is subordinate. This proceeding has become very gen- 
eral only beeause, demanding no knowledge on the part of the master, 
it is suited to the capacity of those who wish to teach. 

Reason requires that we adapt means to ends, but reading alond is 
precisely the reverse of that which oceurs in conversation. In read- 
ing, we pass from the word to the idea; the orthography suggests the 
sound. In speaking, on the contrary, we pass from the idea to the 
word; the sound suggests the orthography. Reading aloud can be 
only a source of error to a beginner. The corrections required will 
never form good habits, for these are the result of the repetition of 
correct impressions, such as are produced by the words of the master 
when reading to his pupils. To speak and pronounce a foreign lan- 
guage correctly, we must hear it spoken habitually. The alphabetie 
combinations by which we represent the foreign pronunciation are 
equally irrational. They can only bring to the mind of the student 
the sounds of his own language. It is by hearing sounds, and not by 
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secing letters, that pronunciation is made familiar, and yet exercises 
for the eye have the first place in our methods. It is impossible to 
represent unknown sounds to the eye by any combination of letters 
whatever, still less the diverse shades of intonation which characterize 
the speech of a people. 

It is an error to believe, as is commonly done, that we cannot read a 
foreign text, in the sense we attach to this word, without pronouncing 
it, at least mentally. In the mother-tongue, the meaning of written 
words is conveyed to the mind only by the sounds that they represent, 
the ideas being @ priori associated with the sounds, But the words 
of a foreign language do not recall to the student, any more than to a 
deaf-mute in his own language, any sound associated witl the sense, 
There is, then, no necessity, as there is no possibility, of pronouncing 
it. It is, in fact, with the written signs of a foreign language, as with 
all other signs—we may know their value without attaching to them 
a sound; the Chinese characters, for example, are understood detached 
from all pronunciation. The young child associates the sense with 
the sound of words, and has no need to think of their orthography ; 
in the same way, the student of a foreign language should associate 
the sense with the orthography of words, not with their pronuncia- 
tion, If, as the rational method prescribes, we always pronounce the 
French when following with the eye the foreign text, we protect 
ourselves from a false pronunciation ; for it will be impossible to pro- 
nounce English at the same moment when the organs of speech are 
occupied in pronouncing French. 

VY. Lessons 1s Memory.—Of all the exercises which most favor 
ignorance in teachers who are not duly prepared, and which inspire 
most enrué in students, the worst are those mnemonic exercises in 
which the master acts a purely passive part, and the pupil an au- 
tomatic one. It is said that by such means we develop the memory 
of children, but for this no special effort is needed, as the enlture of 
memory, like that of attention, is secured by the activity of the other 
faculties. It is more particularly in exereising the judgment that we 
enrich the memory with useful things. The knowledge we gather 
in the first years of life we owe to observation and experience—the 
best of masters—and it is more profoundly engraved upon the mem- 
ory than all the memorized lessons of college, The mother-tongne is 
acquired without learning any thing by heart. 

Those who, in teaching their pupils to speak a foreign language, 
give them words to learn, to form into phrases, commit a triple error. 
In the first place, the child does not learn to talk by passing from 
words to phrases. In the second place, in order to speak, he learns 
to understand what is said to him. In the third place, no mother 
ever attempted such a proceeding: the instinct of imitation alone 
suttices the child in learning to speak. 

The expression of thoug cht is not aided by learning extracts from 


478 THE POPULAR SCIENCE MONTHLY. 


authors, beeause, for the most part, these extracts contain not a phrase 
or an idea that would aid in conversation. In this work, the atten- 
tion is direeted exelusively to words, and the memory is aided by 
their juxtaposition. By means of repetition they are revived in the 
mind in their order of succession, each word suggesting that whieh 
follows. The more we repeat the lesson in order to retain it, the more 
easy and rapid the reeitation, the more the text escapes analysis and 
the will. Excellent as the exercise may be in pronunciation and ora- 
tory, it is efficacious as a means of learning to speak. To learn a 
model by heart, no more teaches to speak, than tracing a drawing- 
model teaches to draw. 

The monotonous repetition of a text is a mental operation diamet- 
rically opposite to that employed in the expression of thought. To 
speak is an act of judgment, to recite is an act of memory: the first 
is spontaneous, the second meehanical ; by this we associate words with 
ideas, by that we associate words with each other; in the one we are 
masters of an ever-changing phraseology, in the other we are the 
slaves of an invariable text. In speaking, the mind is exclusively oceu- 
pied with ideas; words present themselves as consequences. In re- 
eiting, on the contrary, it is words that absorb the attention, ideas 
following in their suite, and sometimes even are not present to the 
mind; children often fail to understand what they know by heart. 
Montaigne said, with reason, “To know by heart is not to know.” 

As to dialogues or exercises in conversation, whatever the number 
of them with which the student has charged his memory, he can say 
nothing beyond some trivialities which it has pleased the compiler to 
group together, His individuality disappears, and he is only the scr- 
vile echo of phrases that have been imposed upon him. It is manifest 
that the art of speaking, of managing a language at will for all the 
needs of conversation, consists less in remembering a great number 
of ready-made phrases, than in the power of construeting at will, and 
instantly, those that meet the necessities of the moment. It will be 
more protitable, then, to follow the process of Nature, which consists 
in constructing phrases for one’s self, on a given model, by analogy. 

The time given to learning dialogues profits ttle; for, most com- 
monly, they are forgotten long before there is oceasion to use them. 
Phrases learned by heart are rapidly forgotten. Not only are these 
lessons worthless, but they require painful labor and considerable 
time; they are, for young people, an incessant eause of disgust and 
punishments, whieh ean only inspire aversion for the study. They do 
not even serve usefully to cultivate the memory; for the power to 
retain these words in a given order is of no use except to actors in 
learning their parts. 

We cannot by special processes obtain the genera] improvement 
of a faenlty. The power or aptitude of a faculty never transcends 
the limits assigned to it by the special exereise to which we submit it. 
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All the faculties are subjeet to this law. Thus, persons in whom tlie 
ear, exercised in melody, distinguishes the most delieate tones in mu- 
sie, are not those who best seize the pronuneiation of language. The 
eye exereised in colors does not better appreciate form and distanee ; 
and reciprocally. 

Again, the development of the intclleetual faenlties is always eon- 
formed to the kind of exercise which produeed it. Those who have 
learned much by heart, learn easily by heart; but they are not in eon- 
sequence better able to reeall faets, dates, localities, forms of objects, 
subjects of discourse, the details of a profession—nothing, in fact, 
which is useful for the exigencies of active life. It is to falsify Na- 
ture to ask from the memory of words that whieh ean alone be given 
by the memory of things. 

All the time spent by a child in learning its lessons by heart is 
lost, as far as concerns the exercise of judgment and the practice of 
language. Ina class, the great majority of pupils remain idle while 
waiting their turn of examination. As to the master, what does he 
do? He does not instruct. Whatever he knows, his knowledge is a 
dead page for his pupils. He who, in his teaching, does not go be- 
yond the contents of the book is unworthy to be a teacher, 

It is with mnemonic lessons as with other useless drudgery imposed 
on the young, which, without profit, puts their intelligence to torture. 
All these preparatory exercises end in nothing practieal. They only 
retard the acquisition of direct reading. If the employment of these 
diverse processes continues in our lyeeums, they will give no better 
results than they have given in the past, with professors probably as 
clever, as zealous, as anxious to do well as their sueeessors, 

VI. Concruston—We would not object to the leneth of time spent 
in classical study, as we have hitherto had a right to de, if the pupils, 
giving not more than eighteen months or two years to aequire that 
which alone is useful in the ancient languages, the art of reading them, 
derive advantage from them during the remainder of their school-life, 
however long it may be, in cultivating their minds, and extending their 
knowledge of the national idiom, Unhappily, this is not the policy in 
public instruction. As regards the living languages, students leave 
the lyceum, for the most part, without haying attained any of the ob- 
jects of study. They are persuaded that they have nothing to learn, 
when they know by heart all the rules of grammar, have written all 
the themes they contain, and learned a volume of dialogues; when 
they commenee to translate fluently, to read aloud good or bad, and 
to make correctly grammatical and logical analyses, However, nothing 
of all this is really the practice of language. Nothing of all this finds 
its application in the commerce of Hfe. They know the language by 
rule, which means, in most eases, that they can neither read, nor under- 
stand, nor speak, nor write it. 

Tt is particularly in the study of elassics that routine ts pernicious 
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to the young. The university system, which involves an enormous 
expense of time and money, is uo longer in harmony with our civiliza- 
tion. It disregards the diversity of talents, the specialty of individu- 
als, and casts all minds in the same mould. It conforms neither to 
the laws of Nature nor the needs of modern society ; it calls in play 
neither spontancity, nor curiosity, nor imitation; it surcharges the 
memory to the prejudice of the judgment, and aims at verbal acqui- 
sition rather than mental culture. 

It does not embrace any of the great classics, It reverses the 
order of reason in passing from words to phrases, from theory to prac- 
tice, from the art of writing to the art of speaking. Finally, it sae- 
rifices the great majority of students to a few privileged ones, and all 
are too much occupied m things of the past to the exclusion of that 
knowledge which the progress of civilization has made indispensable. 

It is to be wished that the Minister of Public Instruction may, in 
the interest of our country and society at large, honor with his atten- 
tion the preceding observations, and use his powerful influence in favor 
of the substitution of reason for sterile routine in our schools! To 
appeal to the past, as is done at the university to justify its proceed- 
ings, is to hold intelligence in tutelage, and to condemn France to im- 
mobility. The world, in growing old, adds to the experience of man, 
Enlightened as we are by what we have received from our fathers, we 
commence life in the most favorable conditions. We ought to know 
more than they, and be more able to distinguish truth from error. Let 
us go forward with our century. It is time to leave the rut of tradition. 

Let the fathers of families unite in appealing to the minister not to 
permit our lyceums to perpetuate a system of teaching that favors the 
ignorance of the people as a means of government. But let him take 
in hand the great work of the regeneration of linguistic study. We 
must apply to mind, as to matter, new powers and new processes. 
France will awake to intelleetual life, and rise to a level with the most 
enlightened nations, only when its university teaching is completely 
conformed to the laws of Nature and the demands of reason. 


PARALLEL, 


BY THE RATIONAL METHOD. 


1. We follow step by step the indica- 
tions of Nature. 

2. Curiosity and imitation are the souree 
of progress, 

3. We go straight to the object by ex- 
ample and practice, 

4, Grammar becomes the consequence 
of language. 

5. We understand the foreign text be- 
fore we translate it. 

6. The art of writing is the last in the 
order of study. 


BY THE METHOD OF ROUTINE. 


1. We follow in nothing the precepts 
of Nature. 

2. We are not aided by these two pow- 
erful instincts. 

3. We start from rules and preparatory 
studies, 

4, Language is made the eonsequence 
of grammar. 

5. We translate the foreign language 
before we understand it. 

6. The art of writing is the first in which 
the pupil is exercised. 


A SHORT STUDY 


4. Pronunciation is acquired without 
effort by the ear. 

8. We understand foreigners as well as 
natives. 

9. Nothing is learned by heart. 


10, All our processes tend to prevent 
mistakes. 

11. We have no need of a master for pro- 
nunciation. 

12. We are soon able to think in the for- 
eign idiom. 
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4. Pronunciation is acquired with diffi- 
eulty by reading. 

8. We cannot understand the foreign 
language when spoken, 

9. Much time is spent in memorizing 
lessous. 

10. All the processes tend to produce 
mistakes. 

11. We cannot learn pronunciation with- 
out the help of a master. 

12. We never come to think in the for- 
eign idiom. 


A SHORT STUDY OF BIRDS’-NESTS. 
By CHARLES C. ABBOTT, M. D. 


I. 


fe beans had many opportunities of examining the nests of those 
birds habitually breeding throughout Central New Jersey, dur- 
ing the past fifteen years, and so, familiar with the construction and 
location of sueh nests, I have, since the publication of Mr, Wallace’s 
essays on “ Natural Selection,” in 1870,’ endeavored to determine if 
the theory there expressed was applicable to the birds that are com- 
mon to the locality we have mentioned. 

In so studying birds’-nests, I have carefully avoided prematurely 
arriving at any conclusions that might influence my judgment when 
subsequently examining a series of nests, and therefore I believe the 
notes made concerning the construction of each nest, and the infer- 
ences drawn, are exact in the former case, and justifiable in the latter. 

At the very outset, I found a careful study of the courtship of 
birds essential to a proper appreciation of their subsequent habits, 
and learned, not at all to my surprise, that marriage among birds, as 
among mankind, is not universal, but that both bachelor and spinster 
birds of every (?) species constitute a fraction of the ornithie popula- 
tion of our woods and fields, 

I reached the above conclusion in this way: Having carefully 
gone over a given extent of ground, and noted every nest, say of the 
cat-bird (Galeoscoptes Carolinensis), I have then endeavored to learn 
abont or precisely the number of individuals of this species frequent- 
ing the same extent of territory. As birds, during the breeding-sea- 
son, do not wander any very great distance from their nests on the 
one hand, nor from the locality whereat they halt on their arrival in 
early spring, on the other hand, it is not very difficult to reach a very 

1 Essays on “ Natural Selection,” by A. R. Wallace. 
New York, 1870 (pp. 211-263 inclusive). 
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close estimate of the numbers of each species occupying 2 locality, 
any given season, Thus, during May and June, 1873, I found eleven 
nests of the eat-bird in a given area, and feel confident that I recog- 
nized twenty-seven individuals of this species. If this is correct, then 
there were tive cat-birds not nesting, and, I should judge, all male 
birds. It will be remarked that I overlooked the uests of these 
“ extra” birds, This I believe is impossible. By going over a given 
space—an acre at a time—prying into every nook and cranny, climb- 
ing every tall tree and searching over every small one, as well as 
bushes and brier-patches, it is hardly possible to overlook any nest, 
especially so large and conspicuons a one as that of the cat-bird, The 
habits, too, of non-nesting birds differ from those then breeding, They 
are much less restless, do not chirp and twitter, or exhibit distress 
when closely followed, as in the case of nesting-hirds. 

Tfaving carefully examined a bird’s-nest which seemed to agree 
most nearly with the published descriptions of such nests, I then 
noted each nest found and marked the amount of variation in the 
construction and position. Take, for instance, the nest of our very 
common robin (Zrwdus migratorius), Tere we have a nest largely 
constructed of coarse twigs and grass, lined with “a eup-shaped fabric 
of clay or mud,” this mud, again, being covered with finer grass, 
horse-hair, and occasionally a few feathers. This nest is an excel- 
lent one to study for degrees of variation in construction; and here 
note these differences. During the past spring and early summer, we 
found thirty-two nests of the robin in an area of about four hundred 
acres, 

Of these thirty-two nests I will speak, principally, as to their con- 
struction, especially with reference to the care exhibited in the mud- 
lining, and refer but incidentally to the positions of the nests. 

Eleven nests were what might be called “typical,” following 
the description given by Dr. Brewer in the latest work on North 
American ornithology.*. In the eleven nests the mnd-lining was 
complete, extending to within about an inch and a half of the rim, or 
top of the nest. In fourteen, the mud-lining was more or less incom- 
plete, although always extending over the bottom of the nest, i. e., so 
much of the interior surface as the eggs or very young birds rested 
upon. Without an exception, I believe, the fine grass and hair lining 
the interior of each nest were in greater amount in proportion as the 
mud-lining was imperfect; so that, in some instances, the mud being 
conccaled, the nests were very similar to those of other thrushes. 
The remaining seven nests were altogether “abnormal,” and, noticea- 
bly, each of these seven nests was in such position as a robin would 
not be supposed to select. A careful study of the surroundings, how- 
ever, showed that there was always some outside advantage, such as 

1“ 4 History of North American Birds,” by Messrs. Baird, Brewer, and Ridgway. 
VoL i., p. 27. Boston, 1874. 
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proximity to abundant food, and this may have had some influence in 
the choice of location. As an instanee, one of these seven nests was 
placed in a deep cleft in the trunk of an apple-tree. It had a southern 
exposure, was protected from rain by the trunk and branches of the 
tree, and, altogether was admirably located. But, as the tree itself 
had an abundance of branches, and for many sumimers had had nests 
upon it, there seemed to be some reason in the location now first oe- 
cupied. What, indeed, was the cause of this change from the branches 
to the cleft, T could not discover. The nest itself was merely a few 
coarse twigs for extra support of the “ clay fabric,” which was placed 
so as to resemble a moditied clitEswallow’s nest more than that of any 
other bird. If, now, young birds build nests throngh imitation, then 
the young robins reared in this nest will seek out somewhat similar 
situations for their own nests; but if such a locality did not suit the 
bird’s mate, then a nest in a more exposed position would be built, 
bat, I doubt not, with some of the peculiarities of the nest in which it 
was reared. 

In comparing the eleven typical nests of the robin, it could not 
but be noticed that minor differences or peculiarities existed. These 
small variations were such as size, which was, in fact, considerable ; 
in shape, some of the nests being rather oval than circular; in the 
choice of naterial for the interior lining, which, I am serry to say was, 
in one instance, suspiciously similar to the lining of the nest of the 
chipping sparrow, and was probably stolen. Indeed, among robins, 
as well as all other birds, there are individual rogues, as well as cross- 
grained, scolding wives and husbands. 

Taking a careful survey of the whole thirty-two nests, they sug- 
gested at once an ordinary village: there were handsome structures, 
such as opulence builds, and very modest ones, such as those in 
straitened circumstances are compelled to occupy; and, while the 
same causes for this variation in dwelling-places does not obtain 
among birds as among mankind, causes do exist among the birds, 
in many ways analogons. For instance, there are energetic birds and 
lazy ones. There are plucky birds that will overeome obstacles, and 
despondent ones that are easily cast down; and will not this of itself 
account for a great deal in the variations of birds’-nests? Can it be 
doubted that birds differ greatly in their temperaments ? Who, that 
has kept canaries, has not noticed that, while some are cross, others 
are affectionate, others lively, and, again, others moody—that their 
dispositions were nearly as varied as in mankind? If it is admitted 
that variation in disposition exists among birds, may we not go a 
step farther, and ctaim also differences in mental ability—that, in 
plain language, the “smarter” bird will build the better nest? One 
reason why nests do not vary more than they do, simply, is—a mud- 
lined nest being best suited to a robin’s welfare—that a bird reared 
in a poorly-constructed nest may be of greater ability and more 
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energetic than its parents, and this, joined with the fact that the 
bird’s mate may have been reared in a nest of perfect construction, 
of itself would tend to remedy, in part, the defects its partner might 
allow ; these facts together would certainly secure an approach to, if 
not the complete attainment of, a “typical” robin’s nest. So, as the 
years roll by, the nest of the robin would remain substantially the 
same, while the amount of variation that now exists would be per- 
petuated, and probably very slowly increased. 

Why indeed, a robin should line its nest with mud, and a cat-bird 
should not, is probably past finding out, but, as changes gradually 
brought about by man’s agency have already effeeted changes in the 
habits of some of our birds, so these same changes, ever in progress in 
the haunts of our robin, may cause these birds to gradually omit this 
lining of mud in their nests, and so make them more like the nests of 
other thrushes; just as the cliffswallow, with us, no longer places a 
“bottle-neck ” opening to its mud-built nests. There is an instability 
in the whole range of the habits of birds, going hand-in-hand with the 
undoubted tendency to variation in their anatomical details. Natural 
selection, or whatever may be the governing impulse that controls it, 
also indirectly causes the range of variation in the details of the con- 
struction of their nests, inasmuch as these variations of habit are the 
necessary result of changes wrought in the physical construction of 
the creatures themselves, for, stripped of the haze that metaphysics has 
gathered about it, as a bewildering gloom, we can see in the opera- 
tions of the mind, in man and bird, only the curious results of the 
workings of those fatty atoms, intimately combined, we call the brain; 
and no argumentation can separate this brain and mind. They are 
just as interdependent, and parts of a single whole, as the eye and 
sight, the nose and smell, hearing and the ear, the circulation of the 
blood and the beating of our hearts. 


Il. 


A nest of totally different character, that of the well-known Balti- 
more oriole (Zeterus Baltimore), was more carefully studied by the 
writer, inasmuch as it afforded more marked variations from what may 
be considered a “typical” form of the structure. 

Mr. Wallace has shown that, where a nest is so constrneted as 
to conceal the sitting bird, in all such cases, the birds are of bright, 
showy plumage, and would be easily detected by birds of prey, if not 
concealed when occupying their nests. Of the family Jcteridiv, to 
which our Baltimore oriole belongs, Mr. Wallace says, “The red or 
yellow-and-black plumage of most of these birds is very conspicuous, 
and is exactly alike in both sexes. (This is not true of the Baltimore 
oriole, the female of which is much less brightly colored.) They are 
celebrated for their fine, purse-shaped, pensile nests.” There are now 
two considerations worthy of attention, with reference to this bird 
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and the character of its nest. In the first place, as the male bird is 
much brighter in the color of its plumage, would it not require a con- 
eealing nest if it assisted in incubation? Now, does the male bird 
assist in covering the eg¢s? It unquestionably does. 

Secondly, if the bird-eoneealing nest, a “ pendulous and nearly 
cylindrical pouch,” as described by Dr. Brewer, is constructed solely 
with refereuce to the protection of the parent-birds, would it not be 
within the range of probabilities that, the danger no longer existing, 
the labor of construeting so elaborate a nest would be abandoned. 
IIas this actually ocenrred? During the summer of 1872, I found nine 
nests of the Baltimore oriole within a comparatively small area; in 
1873, I sueceeded in finding seventeen nests in an area nearly ten 
times in extent; and during the present summer (1874) I found thir- 
teen nests in an area of the same extent as that examined in 1873. 
These thirty-nine nests I classified as follows: Of the nine nests of 
1872 that I examined, six were so constructed as to effectually conceal 
the sitting bird, and three were sufliciently open at the top to give a 
hawk, hovering above it, a view of the bird, 

Of the seventeen nests of the oriole which I found and inspected 
during the summer of 1873, eleven of them were “ bird-concealing ” in 
their shape, and the remaining six like the three I found in 1872, i. e., 
open at top. 

During the present summer, Baltimore orioles have been unusually 
abundant, and, of the thirteen nests I found, eight were open at the 
top, and five were long, pendulous pouches, that wholly hid from view 
the sitting-bird. 

Bearing in mind the supposed reason for building a nest that 
would conceal the parent birds when occupying it, I noted down the 
exact location of each of these thirty-nine nests, In every instance 
those nests that concealed the sitting bird were at 4 considerable dis- 
tauce from any honse, in uncultivated parts, the larger number on an 
unfrequented island, the others on elm-trees growing on the banks of a 
lonely creek, In both of these localities, sparrow-hawks (Zinnenculus 
sparverius) were frequently seen—they are uowhere so numerous as 
some seveuty years ago—as compared with the neighborhoods select- 
ed for the building of the open-topped nests, all of which were in wil- 
low and elm trees in the yards of farm-houses, and in full view of the 
p2ople continually passing to and fro beneath them. The conelusion 
drawn from the study of these nests was, that the orioles, knowing 
there was much less (if not total) absence of danger from hawks, there- 
fore constructed a less elaborate nest—one which answers every puwr- 
pose of ineubation, and yet does not conceal them when occupying it. 

Of the nests that did conceal the sitting bird, every one was really 
open at the top, and the bird entered from aboye. The weight of the. 
bird, when in the nest, appeared to draw the edges of the rim to- 
gether sufficiently to shut out all view of the oecupaut. The rims of 
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these nests that, when ocenpied, concealed the birds, were all much 
smaller and the nest itself deeper than in those nests where coneeal- 
ment was not considered in the construction, these latter being in 
every way much like the nest of the orchard oriole (Zeterus spurius), 

Originally, in all probability, when its enemies were more numer- 
ous, especially the smaller hawks, the nest of the Baltimore oriole was 
perfectly closed at the top, and with a side opening ; but, of the many 
seores of this nest that we have met, we have never seen a nest of 
this bird so constructed, 

The very faet of the Baltimore oriole constituting a partial excep- 
tion to Mr. Wallace’s supposed law of birds’-nests is, we think, here 
shown to be a proof of the correctness of his theory. 


SKETCH OF THE LIFE OF FRANCIS TUBER. 


By Mrs. 8. B. HERRICK. 


A openers HUBER was born in Geneva, July 2,1750. Wis father, 

John Huber, was a man of many and varied gifts; he was con- 
sidered one of the wits of the day, and was an accomplished musi- 
cian, poet, painter, and senlptor. The art of cutting landscapes and 
silhouettes from paper may almost be called his creation. Ile attained 
such proficiency in executing likenesses in this way that, with his 
hands behind him, he tore from a card a correct profile of Voltaire. 
The curious combination of talent and ecaprice which characterized 
most of his work is well illustrated by one of his attempts: he exe- 
cuted a profile of Voltaire, upon one occasion, by allowing his cat to 
bite from a slice of cheese portions which he successively presented to 
ler! Besides his lighter social and artistic gifts, he possessed keen 
powers of observation as a naturalist and considerable facility with 
the pen, as is shown in his “Observations sur le Vol des Oiseaux de 
Proie,” Geneva, 1774. 

John Huber transmitted to his son most of his tastes, without that 
discursiveness and caprice which so fatally marred his own carecr. 
The boy, from his early childhood, attended lectures at the Genevan 
College. The library, the cabinet, and the observations of his father, 
early roused in him an ardent love for natural science ; he had begun 
intelligently to observe Nature at an age when other children seem 
hardly aware of her existence. Before he was fifteen years old, he 
had completed a course of physics under De Saussure, and familiarized 
himself with chemical manipulation in the laboratory of a relation, 
who was an obstinate alchemist. 

Intense application, together with the habit of reading late at night, 
by dim lamp-light, or even by the light of the moon, seriously impaired 
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his health. <At the ave of fifteen he found himself not only utterly 
prostrated in strength, but threatened with blindness. Ilis father, in 
alarm, took him to Paris, to consult the celebrated Tronehin, who or- 
dered him to the country. At the village of Stani, near Paris, he led 
the life of an ordinary peasaut-lad, following the plough, and oceupy- 
ing himself in other farm-work. ‘This regimen proved efficacions, and 
he returned to the city in full and vigorous health. 

The oculist Wenzel, after an examination of his eyes, pronounced 
the disease inenrable. One eye was affected with the guéta serena, or 
amaurosis, the same diseuse which caused the blindness of the poct 
Milton, of which he says: 

“So thick a drop serene hath quenched their orbs.” 

The blindness of the other was caused by cataract, a disease, in 
our day, often successfully treated. The science of the oculist was, 
then, far from the perfection which it has since reached, and the oper- 
ation was considered too hazardous to be attempted. 

Happily, before the darkness closed down upon him, he had seen 
and loved Marie-Aimée Lullin, daughter of one of the syndics of the 
Swiss Republic. The childish love which had sprung up, at a dancing- 
school, between the boy and girl, grew with years into a deep and 
life-long devotion. In spite of the bitter opposition of her father, 
which amounted to perseention, Mdlle, Lullin refused to give up her 
lover; but Ifuber was filled with fears lest his growing infirmity 
should alienate her. Under the influence of this dread he would hard- 
ly acknowledge to himself the advance of the disease. As long as be 
could at all pereeive the light, he spoke and acted as if he saw. The 
habit of expression thus formed left its impress upon his future style. 
One cannot read the graphie descriptions of bis experiments, as given 
by himself, and fail to notice the frequent recurrence of such expres- 
sions as “J have often seen”—“ I had the satisfuction of seeing ”—or 
even, at times—“ J sai with my own eyes.” There is a profound pathos 
in this apparent obliviousness to his affliction, when we thus trace it 
to its souree, 

These fears, however, proved groundless, for Mdile. Lullin, as soon 
as she reached her majority, married him. During the forty years of 
their married life, her tenderness and devotion toward her husband 
were unfailing, She was his reader, his secretary, his observer; he 
said of her, in his old age: “ As long as she lived L was not sensible 
of the misfortune of being blind.” 

Besides his wife, Huber was eminently fortunate in his assistant, 
Francis Burneus. This man, who had entered the family in the ca- 
pacity of a servant, his master soon discovered to be “born with the 
talents of an observer... . It is impossible,” Huber again says, “to 
form a just idea of the patience and skill with which Burneus has ear-. 
ried ont the experiments which I am about to deseribe. . . . he count- 
ed pain and fatigue nothing compared with the great desire he felt to, 
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know the results. If, then, there be any merit in our discoveries, I 
must share the honor with him; and I have great satisfaction in ren- 
dering him this act of public justice.” 

Huber practised Burneus in the art of observation; comparing his 
results with those of other investigators. He directed him by a thou- 
sand questions, adroitly combined, till fully satisfied of his fidelity and 
accuracy. At the first issue of the book, which was the record of their 
joint labor, the naturalists of Enrope looked askance at the marvel- 
ous revelations of bee-economy made by a blind man aided by a 
peasant; but, as knowledge upon the subject grew, preindices melted 
away, and there is scarecly a fact recorded by Huber whieh subse- 
quent investigation has not again and again confirmed, 

The marvelous activity of mind, which to many men would have 
proved only a torment, was to Huber a source of the deepest delight. 
Ilis love of music, and proficiency in the art, beguiled many hours, 
and added greatly to his social enjoyments. He had made himself 
master of counterpoint, and was able, from the dictation of the bass 
of a niusical composition, to arrange the harmonics. The whole picee 
or song would be dictated to him, in this way, phrase by phrase, and 
a single repetition was all-suflicient. 

Ife invented, for his own nse, a printing-machine, by means of 
which he could correspond with his absent friends; and he was ena- 
Died to indulge his fondness for walking in the opon air by means 
of another contrivance of his own. He caused knotted cords to be 
stretched along the borders of all the rnral paths around his house; 
by means of the cord he could guide himself, and the knots informed 
him what point he had reached. 

Soothed by every appliance which ingenuity and ample means 
could afford, surrounded by the tenderest affection and the keenest 
sympathy in his pursuits, his darkened life was full of sweet compen- 
sations, But it is in himself, rather than in the circumstances of his 
hfe, that we find the sources of his tranquil happiness. He retained 
to extreme age the tenderest affection for his friends; he showed to 
the last the untouched freshness of delight in Nature, the boyish ean- 
dor and directness, the noble enthusiasm, the quick sympathy with 
youth and its interests, which so generally characterize men of sci- 
ence, and whieh offer one of the most unanswerable arguments in fa- 
vor of the ennobling influence of such pursuits. 

“When any one spoke to him on subjeets which interested his 
head or heart,” says De Candolle, “ his noble figure became strikingly 
animated, and the vivaeity of his countenance seemed, by a mysteri- 
ous magic, to animate even his eyes, which had been so long condemned 
to darkness. The sonnd of his voice had always something of the sol- 
emn, ‘I now understand,’ said a man of wit to me one day, who had 
just seen hin for the first time—‘T understand how young people will- 
ingly graut to the blind the reputation of supernatural inspiration,’ ” 
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IIuber retained his faculties to the last. He wrote to one of his 
friends on the 20th of December, 1832, and two days later he sank to 
rest, Without a paug, in the arms of his danghter, Madame de Molin, 
in the eighty-second year of his age. 

The work, in his own department, which he has left behind him, is 
marvelous in its accuracy and its fullness. Facts which had eluded 
observers from the days of Aristomachus of Soli down to those of 
Bonnet, yielded to the patience, tact, and ingenuity of Huber. It is 
hard to decide which is most admirable in him—his life-long devotion 
to one purpose; the patience and caution with which he questioned 
and cross-questioned Nature by experiment; or the lucidity and pict- 
uresqueness of his descriptions of his work. The latter quality, it is 
probable, was the direct result of his deprivation, It was necessary 
for him, out of the disjointed answers and remarks of his observers, 
to form a perfect, rounded mental conception of the facts in them- 
selves and in their relations. This perfect comprehension in great 
measure insures a luminons style; obscurity of style being much 
more frequently a result of confusion of ideas than of a mere awk- 
wardness in the use of words, 

Tuber’s work was first recorded in the form of a series of letters 
addressed to M. Bonnet, and called “ Nouvelles Observations sur les 
Abeilles,” 1792, Afterward, in the later editions, several papers on 
the “ Origin of Wax,” the “Sphinx Atropos,” “Bee Architecture,” 
and other topies, were incorporated into the same volume. Many 
of his experiments and observations were made at the suggestion of 
Bonnet, aud it was upon his recommendation that Huber constructed 
his “single-leaf” and “book”- observing hives, The first of these 
was made to contain a single comb, but, fearing that the bees, who are 
taught by Nature to build several parallel combs, might manifest 
change of habit or modification of instinct under new conditions, he 
also cansed to be made another hive, by which he could correct the 
observations made upon the first. This second hive was so arranged 
that each frame could be turned back, like a door, upon hinges. 

The first observations which Huber records are those upon the 
fertilization of the queen. Many theories had been advaneed upon 
this subject, by Swammerdam, Debraw, Hattorf, and others, supported 
by experiments which, to most minds, would have seemed conclusive ; 
but Huber was not satisfied till he again and again repeated, with 
every precaution and under every condition, the experiments made by 
his predecessors. These experiments, made by himself and others, he 
describes with his usual clearness, and trom them he deduces thie fol- 
lowing singular facts, which have been a thousand times confirmed: 

The queen-bee, which is the only perfect female in the hive, is fe- 
cundated on the wing, and this one fecnndation suftices to fertilize the 
hundreds of thousands of worker-eggs which she lays duriug her life, 
of from three to five years. If the impregnation of the queen be de- 
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ferred until the twenty-first day of her life, she not only lays nothing 
but drone-eges, ut her instinets are also impaired. Perfeet, fertile 
queens always discriminate when laying; they deposit the drone and 
worker-cggs in their own peculiar cells, but the queens whose impreg- 
nation is retarded are indifferent, and lay their eggs anywhere. Pre- 
vions to Iuber'’s time, it was believed that the worker-bees, like 
worker-ants, carry away eggs thus misplaced, and deposit them in the 
proper cells; but he ascertained the fact that they carry away such 
eggs only to devour them. By some unknown means the bees can 
distinguish a worker from a drone egg; and, if, by an oversight, a 
worker-egg is allowed to develop into a larva in a drone-cell, or vice 
versc, the bees cap over the cell with the flat or convex cover pecnliar 
to its inmate, without reference to the size of the cell upon which they 
are working. 

Réaumur, and most other naturalists, had believed that the queens 
deposit, in royal cells, a peculiar egg, which develops into a queen; 
but Schirach, a German clergyman, announced, toward the close of 
the last century, a discovery which created not a little interest. Some 
doubt still hung over this discovery, which was entirely dispelled by 
Tfuber’s observations. Schirach stated that the bees can, by peculiar 
treatment, rear a queen from a worker-brood, 

Ifa swarm of bees find itself suddenly queenless, the workers im- 
mediately select the larva of a common bee, not over three days old; 
they enlarge this eell by cutting down the partition-walls between it 
and two adjoining cells, destroying their inmates, and then they sup- 
ply the remaining worm with food, difvring in quality and qnantity 
from that of the workers. The nursery of the royal heir is elongated, 
and finally capped over with a peculiar covering, In sixteen days 
after its exclusion from the egg this larva becomes a queen. From 
increase of space, accession of heat, and the different quality and quan- 
tity of food given to the worm, that which would have become a 
worker becomes a queen, Dy this change of treatment, its anatomy 
and physiology, its instincts and functions, the time necessary for its 
development, and the length of its life, are all utterly changed. The 
queen performs but one office in the hive, that of supplying her realm 
with subjects, while the workers perform all the multitudinous offices 
whieh the economy of the hive demands. The whole structure of the 
queen and workers is coérdinated to their functions; she possesses 
the ovaries, which in the worker lie folded away in a germinal form, 
while they possess all the organs needed for their peeuliar work— 
strong mandibles, powerful wings, pollen-baskct, pincers, brush, wax- 
pockets, and houey-receptacle. Though queens are often made from 
worker-larve, Tuber observed the old queen laying in royal cells, 
when the hive is about to throw off new swarms, and more than one 
queen will be required. 

Tle also determined that some few workers, which have partaken 
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of the royal jelly, have their reproductive organs partially developed, 
and lay drone-eggs. This fact was reached by an experiment which 
required great courage and an almost incredible patience. Burneus, 
of Ins own free will, caught, held, and carefully examined every bee 
of two swarms in which fertile workers were suspected. This required 
eleven days of steady Tabor, “ During all that time,” says Huber, 
“he searecly allowed himself any relaxation except what the relief of 
his eyes required.” Each bee, after examination, was transferred to 
a glass hive, which was watched; finally, a bee was caught in the act 
of laying, and was dissected: small ovaries were detected containing 
a few eggs, but in all other respects it was a perfect worker. 

IIuber also discovered the bitter animosity of the queens toward 
each other. He observed the first-hatehed queen, as she emerges 
from her cell, traverse the comb till she finds a royal cell, which she 
tears open, in apparent fury, and then stings the helpless pupe to 
death. This she repeats again and again till she has destroyed every 
possible rival. If, however, two queens emerge simultancously, the 
bees clear a space, and stand back and watch the conflict, which must 
end fatally to one or the other. The two queens attack each other, 
but, if, during the fight, they happen to find themselves in such a po- 
sition that, by closing, each would kill the other, they withdraw, and 
begin the combat afresh, As soon as either secures such an advantage 
of position that she can sting without being stung, the fatal thrust is 
given, 

Réaumur made the suggestion that it is the queens themselves 
who rid themselves of their rivals; but he had been strongly opposed 
by the German naturalists, who contended that the worker-bees dis- 
posed of the interlopers. What Réaumur advanced as a conjecture 
Inber founded upon the impregnable basis of fact. 

If a strange queen be introduced into a swarm possessing one of 
their own, the workers generally surround her, and quictly detain her 
prisoner till she perishes of hunger, but do her no direet injury. The 
only instance where workers were ever known to sting a queen was 
once, during a general méée, and then it scemed pure accident. If, 
however, the stranger queen, by accident, passes the sentinels at the 
door, without being challenged, or is introduced by the experimenter 
into the hive, for the purpose of observation upon the point, and 
brought into close quarters with their own queen, they insist upon a 
battle, and restrain the motions of either if they seem inclined to fly. 

After the loss of a queen, by a swarm, if a strange queen be intro- 
duced, her reception will depend entirely upon the time which has 
elapsed since their bereavement. At first, they refuse to be comforted, 
and reject contumeliously any attempt to replace their loss, After 
eighteen hours, they begin to consider the matter, and, in twenty-four, 
receive, with royal honors, any queen offered to them. 

The yearly massacre of the drones, though a well-known fact, Hu- 
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ber was the first to observe in its details. Tt was seen through a glass 
table, upon which a hive, deprived of its bottom-board, was placed. 
He also ascertained that the massacre never takes place unless the 
swarm possesses a fertile queen, and the swarming-season is over. 

By aid of the microscope, Huber proved that the queen-bee is 
truly oviparous—that her eggs are true eggs. Tle saw the worm 
grow to maturity within the transparent walls of the egg, rend the 
pelliele, and emerge. The idea that workers brood the eggs he also 
dispelled, by repeated observation of the faet that the eggs hateh 
equally well when removed from the care of the bees, and that the 
workers frequently enter empty cells and remain quietly there, evi- 
dently taking repose, 

lis observations upon the spinning of the cocoon were made 
through the walls of blown-glass cells, into which the egg was re- 
moved. The drones and common bees spin complete cocoons; the 
royal larva, on the contrary, spins an imperfect one, enveloping the 
head and thorax, but reaching only to the second ring of the abdomen, 
This is evidently the result, not of any peculiar instinct, but of the 
conformation of the cell, for the royal cocoon is complete if it be spun 
in acommon cell, In ordinary cases, if the royal cocoon were com- 
plete, it would be impossible for a queen to destroy her rivals in the 
state of pup. 

By repeated experiment, he showed that the size of a cell has no 
modifying effect upon the development of a bee, except by retarding 
its growth, if it be too small: a common bee is the same size, whether 
reared in drone or worker cells, In determining this point, many in- 
teresting faets in regard to the instinet of queens and workers were 
ascertained. <A fertile qnecn refused to lay worker-eggs in drone- 
cells, though evidently oppressed with them: when, however, he in- 
troduced worker-cells, artificially supplied with a drone-brood, the bees 
emptied the eclls, and the queen laid in them, five or six eggs in each, 
With his usual judicial fairness, uber remarks upon this inconsist- 
eney in the instinct of queens. They refuse to lay drone-eggs in 
worker-cells, and yet here is a queen which deposits five or six eggs 
in a single cell; the drone-egg in the worker-cell would produce a 
small though perfeet drone; the five or six worker-eggs in the same 
cell, if they all remained there, would produce nothing. 

Tuber coneludes, from a number of experiments made in this diree- 
tion, that, though the queen knows what kind of egg she is about to 
lay, and so deposits it always in the proper cell, yet she does not de- 
termine the sex of the egg, as is believed by many of the most distin- 
guished modern apiarians. Ile also found that it is impossible to 
compel bees to rear a worker in a common eell, if it has been supplied 
with royal jelly. If the colony be queenless, they enlarge the cell into 
a royal cell; and, if they already possess a sovereign, they destroy the 
worm and devour the royal jelly. 
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When the first great drone-laying begins, the bees construct a 
number of royal cells, sometimes as many as twenty-seven. In these 
the queen deposits eggs on successive days, so that, when she leads 
off the new swarm, another queen may be ready to take her place; 
and also, that if the swarm be vigorous enough to throw off several 
colonies, each may be provided with a leader. During this season 
the ordinary instincts of the workers seem reversed ; they hinder the 
queen, if she seems so disposed, from destroying the royal pup con- 
tained in the cells, 

A common bee, when it reaches maturity, makes its way, without 
help, out of the cell, and it is for some time too weak to fly. A queen, 
however, is guarded by the bees; she is closely watched, and coustant- 
ly fed through a small aperture in the covering of her eell, till she has 
attained sufficient strength to fly. The presence of a developed and 
imprisoned queen is generally made patent by a peculiar note which 
she utters, called piping. Above the busy hum of the hive this sound 
may bo distinguished; it seems to be the expression of her impa- 
tienee at her imprisonment, and is tbe usual precursor of swarming. 

Another note, peculiar to the queen, Huber mentions. This he 
calls the vox regalis, and he states that its utterance invariably struck 
the bees motionless. It has not been observed by modern apiarians, 
and yet the best among them do not deny the faet, because of his 
usual exactness and caution. 

Huber describes the process of swarming in minnte detail. Toward 
the close of the drone-laying season, when numbers of the drones, and 
some of the queens, have nearly attained maturity, he observed the 
old queen rapidly passing over the combs. She created an agitation 
wherever she went, which did not subside after her departure, but 
communicated itself to all the bees in the vicinity. Finally, the whole 
swarm appeared to be in a violent state of excitement, and large num- 
bers issued from the hive with the queen at their head. During the 
agitation, which precedes swarming, the thermometer rises from be- 
tween 90° and 97° to 104°. “ This heat is intolerable to bees,” says 
Huber; “when exposed to it, they rush impetuously to the ontlets of 
the hive, and depart.” Swarming is occasioned by excessive heat, 
quite as much as by an overstocked hive. The initial cause of the 
queen’s agitation is not known, but it always communicates itself to 
the whole swarm, whatever its cause may be. 

Queens raised from the larvee of workers had been called mute, be- 
cause the piping had not been observed in them; but Ifuber discov- 
ered that it was only because they are not detained in captivity. He 
held one in confinement, and found her piping qnite as vehement as 
that of her sisters, reared from the beginning in royal quarters. 

The instinct of worker-bees, which is usnally so unerring, some- 
times faiis them in the most unaccountable way. Though they detect 
drone-eggs in worker-cells, and worker-eggs in drone-cells, they seem 
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to be ignorant of the mistake made when a drone-laying queen depos- 
its her egg in a royal cell, and dose the poor fellow to death, trying to 
make a queen of him. Jn his investigation upon workers, IIuber dis- 
covered that they were of two kinds, wax-workers and nurse-bees: 
the former are larger and stronger, and possess more perfect organs 
for the secretion of wax than the latter, though no other difference 
san be detected, and this seems merely the result of being reared in 
smaller cells. 

Swammerdam states that a blind or mutilated queen ceases to lay, 
and that the workers of her hive no longer continue their labors, or 
make any collections, as if aware that it is useless to do so; but Hu- 
ber shows that this is not wholly true. One queen deprived of her 
four wings, and another of one antenna, continued to lay and to re- 
ceive the homage of her suljects as before: but the amputation of 
both antenne produced very different results. Queens, drones, and 
workers, when deprived of both antenne, lose their instinets, and seem 
to be subject to a kind of delirnm, They wander aimlessly about, 
are unable to direct the proboscis for the reception of food, seek the 
door of the hive, and soon perish. <A fertile queen, besides these 
symptoms, which are common to all under the deprivation, drops her 
eggs about the comb, and manifests no recognition of, or hostility to, 
another mutilated queen. 

The first part of Huber’s work here concludes with some valuable 
suggestions in practical apiculture. The observations in the second 
part were made by the aid, first, of his wife, and afterward by his son, 
Pierre Huber, so well known through his investigations upon ants. 

In the year 18069, a bee made its appearance before one of Huber’s 
hives, which seemed to differ from its rightful inhabitants only by a 
darker and less downy coat. Violent contests took place every day 
between the native and the alien bees. Aristotle mentions “a black 
bee which is called a thief,’ but IIuber seems never to have heard this 
suggestion, and supposed them to differ from his own bees in some 
physical particulars. He, therefore, submitted them to Made, Jurine 
for dissection, and she discovered not only in them, but in all workers, 
ovaries—a fact which entirely overturned the theory of neuters which 
had held its ground for so many centuries. The worker is not sex- 
less, but is an imperfeetly-developed female. This discovery throws 
some light upon the wonderful change made by physical conditions in 
the development of the worker-larve. With ordinary cell and food, 
the worm develops into an insect possessed of feminine instincts, in 
the provision which she makes for the young, and for the future needs 
of the swarm; while, with the larger cell and different food, the same 
larva would develop into a physically perfect female, which, at the 
same time, is wanting jn all maternal instinets—a divergence which 
is undoubtedly one of the most marvelous in Nature, but a divergence 
only, not a contradiction ! 
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The senses of bees were the next subject of investigation, and we 
will give, in brief, the results which Wuber reached. The lenses of 
the bee's eyes are not adjustable ; and, though they can see accurately 
to great distances, they scem blind to objects close by. Bees dart 
down to the door of their hives with a precision which is generally un- 
erring, but, if, from any cause, they miss the opening, they are obliged 
to rise in the air, in order to take another observation. 

If bees hear—which is a doubtful question, the old-fashioned ‘“ tang- 
ing” to the contrary—they certainly hear only what affects their wel- 
fare. Their sense of taste is also far from perfeet, foul ditch-water 
being often preferred by them to limpid streams, or even dew, and ill- 
smelling plants having quite as much attraction as sweet ones; it is 
the quantity, rather than the quality of their food, for which they care. 
They are also fond of the secretion of the aphides, the milch-cattle 
of the ants. 

Their sense of smell is very keen; the presence of honey they de- 
teet, even in the most carefully-concealed places. Tloney-bees often, 
in searce seasons, attack the bumble-bees on their return from the 
fields laden with honey, and foree them to disgorge all they have col- 
leeted. Its presence in the honey-bag must have been deteeted by 
the sense of smell. The seat of this sense is in the mouth; this Tuber 
determined by presenting successively to all parts of the body, on 
camel's-hair pencils, odors especially repugnant to them. When held 
near the mouth, the bee started back as if annoyed. On one occasion 
he mixed honey with camphor, which they especially dislike; by some 
means they managed to separate and remove all the honey, leaving the 
camphor untouched. 

The sense which seems to be most perfect in these little creatures 
is that of touch, and that seems to reside wholly in the antenne. 
Greetings, caresses, and the communication of intentions, are always 
effected, by one bee toward another, by crossing their antenne. It 
must be remembered that no light enters a hive under ordinary cir- 
cumstances. ‘The bee,” says Iuber, “ constructs its comb in dark- 
ness; it pours its honey into the magazines, feeds its young, judges 
of their age and necessities, recognizes its queen, all by aid of its an- 
tenn, which are much less adapted for becoming acquainted with 
objects than our hands. Therefore, shall we not grant to this sense 
modifications and perfections unknown to the touch of man?” 

In order to determine the means of communicating ideas which 
exist among the bees, [uber divided a hive into two parts by a fine 
wire grating; the bees on both sides of the grating continned their 
work tranquilly, collecting honey, storing pollen, and building no 
royal cells. It was again divided by two parallel wire gratings, which 
admitted communication by means of every other sense except touch. 
The queenless half of the swarm fell into their usual distress and agita- 
tion, and soon set about constructing royal cells. By other experi- 
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ments he determined the fact that these insects recognize their queen, 
and communicate the fact of her presence, by the crossing of their 
antenne with those of other bees. The effect produced by the am- 
putation of the antenne has been already described, and shows of what 
vital importance this organ is to them. 

Iluber made many experiments upon the respiration of bees, proy- 
ing them to absorb oxygen, and emit carbonic acid. A number of live 
bees expired instantly in mephitic air; but others, when exposed to it 
in a torpid condition, were unaffected, showing that it was respiration, 
not contact, which caused their death. Two stigmata, the respiratory 
organs of insects, were discovered by Huber in addition to the two 
already known. Eggs and larve, he showed, also absorb oxygen and 
evolve carbonic acid. The air of the hives was repeatedly examined 
by Huber, and found to be very nearly as pure as the outside air, 
This faet directed his observations more closcly to the economy of the 
hive, and he discovered that the bees maintained a systematic ventila- 
tion. Files arrange themselves in lines radiating from the door, and, 
by keeping their wings in rhythmical motion, generate eurrents of air. 
If the hive be sealed up, the bees at first fan violently, but in forty- 
five minutes the whole swarm lies apparently dead from suffocation. 

It is necessary to pass over the curious provisions made by them 
against their enemy the Sphinx atropos, and Huber’s discovery of 
the origin of propolis, to the last point which he has made luminous by 
his observations, the origin of wax, and its. use in bee-architecture. 
Réaumur discovered that pollen-dust, when submerged in water, 
swells and finally bursts, and from the grains exndes an oily liquor, 
which he took to be the substance converted, in the body of the bee, 
into wax, This had been so long an accepted fact, that Huber did 
not doubt its correctness till an observation of Burnens’s induced him 
to make a series of experiments upon the subject. We confined one 
swarm of bees, giving them only honey, and another, supplying them 
with nothing but pollen. Seven times new comb was found in the 
first hive and removed, while none at all was made in the second. 
Wax is seereted like fat in other animals, from saccharine matter, and 
it accumulates, in layers of delicate white spicules, in the wax-pockets 
of the bees. There are six depressions, lined with a reticulated mem- 
brane, in the lower side of the worker's body, between the abdominal 
rings. 

The reason for gathering pollen was, then, a matter of interest. It 
was manufactured not for food, as bees lived perfectly well without it. 
By close scrutiny IIuber discovered that the workers swallow the 
pollen, and after a time regurgitate it as food for the larve. Marked 
bees were seen to partake of the pollen, to ascend to the nurseries and 
plunge their bodies head-foremost into the cells, containing worms. 
After their withdrawal the cells were examined, and found to contain a 
supply of the jelly which constitutes the food of the larvee. 
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Huber sums up the conelusions of all his experiments upon wax: 

“]. That the wax comes from honey. 

“2, That the honey is also a food of the first necessity for bees. 

“3. That flowers do not always contain honey, as has been ima- 
gined; that this secretion is subject to the variations of the atmos- 
phere, and that the days when it is abundant are very rare in our 
climate. 

“4, That it is the saccharine part of the honey which enables the 
bees to produce wax. 

“5, That raw sugar yields more wax than honey, or refined sugar. 

“6, That the dust of the stamina does not eontain the principles 
of wax. 

“7, That this dust is not the food of the adult bees, and that they 
do not colleet it for themselves. 

“8, That the pollen affords the only aliment which is proper for 
the young, but that this substance must undergo a peeuliar elabora- 
tion in the stomachs of the bees, to be converted into an aliment whieh 
is always appropriated to their sex, their age, and their wants; since 
the best microscopes do not show the particles of pollen or their cover- 
ings in the liqror prepared by the working-bees,” 

The bees, when wax is needed, gorge themselves with honey, and 
hang suspended in festoons or curtains for about twenty-four honrs. 
During this repose, which Réanmur supposed was for rest and re- 
euperation, the honey is digested and the wax makes its appearanee 
partially under the overlapping rings of the abdomen. No other 
organ for the secretion of-wax was found by the exquisite dissections 
of Malle. Jurine, or any of her suecessors, except the cellular lining 
of the pockets, 

These scales a worker disengages by means of the pincers on its 
legs, and seizing the seale in its mouth. “ We remarked,” says Huber, 
“that with its elaws it turned the wax in every necessary direction ; 
that the edge of the seale was immediately broken down, and the frag- 
ments, having been aceumulated in the hollow of the mandibles, issued 
forth like a very narrow ribbon, impregnated with a frothy liquid by 
the tongue. The tongue assumed the most varied shapes and performed 
the most complicated operations; being sometimes flattened like a 
trowel, and at others pointed like a peneil; and, after imbuing the 
whole substance of the ribbon, pushed it forward into the mandibles, 
where it was drawn ont a seeond time but in an opposite direetion.” 

These particles of wax thus rendered adhesive, ductile, and opaque, 
by working in the mouth, were applied to the vault of the hive. A 
wall of wax was begnn in an inverted position, depending from the 
top of the hive, by this bee, which is called the founder-bee. When 
its store of wax is exhausted, another bee follows and proceeds in the 
same way, guided by the work of its predecessor. When the wall 
was nearly an inch in length, and about two-thirds as high as the 
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depth of an ordinary eell, the bees began excavating a eel] on one 
side, and two on the other; these cells were so arranged that the 
partition-wall between the two cells was exactly opposite the middle 
of the one. 

Bees, Huber tells us, do no truly codperative work; the only 
thing which looks like codperation is the unanimity with which the 
whole swarm waits till one bee has laid the foundation. Each bee 
follows the suggestion of the one which has preceded it. As the work 
progresses, it becomes possible for a larger and larger number to join 
in, and it is only the foundation-cells which are excavated ; the others 
are built in their permanent form. 

The much-praised exactness of the bee is shown to have been 
over-estimated ; but the variations which we find in the hive are 
much more extraordinary than the uniformity. These are always due 
to something wonderfully like the intelligence of man, in its power of 
conforming to circumstances. 

Only once in his life was Huber turned aside from his peculiar work. 
In his investigation upon the ventilation of the hive, he had occasion 
to introduce some seeds, and watch thelr germination. At the sug- 
gestion of Senebier, whom he had associated with himself in these 
particular experiments, he turned his attention to the phenomenon of 
germination, and, in connection with him, prepared a paper entitled 
“Mémoire sur P?Influence de Air dans le Germination des Grains,” 
Geneva, 1801, but he soon returned to the work of his life. 

No more striking commentary ean be made upon the extent of 
Huber’s labors than that afforded by a consideration of the work of 
his successors. The German apiarian Dzierzon has cleared up the 
mystery of the drone-laying queens——a mystery fully recognized and 
clearly stated‘ by Huber. Many facts have been added to those dis- 
covered by Huber, and some few corrections of his statements have 
heen made; but it has fallen to the lot of few naturalists to leave be- 
hind them a work so full and accurate as his. All that has been done 
in this department since his time—and, altogether, it falls short of the 
work performed by him—is merely a building upon his foundation. 

The discoveries which he made are recorded, in fall, and are sup- 
ported by experiments, described with such lucidity, that to read 
them is almost like witnessing the facts. is clear, unerring intellect, 
penetrating through all side-issues, seized the gist of every difficulty ; 
and those which he did not finally solve, he stated with such accuracy 
as to direct the observation of his successors. 
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ALLEGED FALLACIES OF SCIENCE—CAUSE 
AND EFFECT—MODES OF FORCE. 
Yo the Editor of the Popular Seience Monthly: 
R. JOHN W. DRAPER'S “ History of 
the Conflict between Science and Re- 
ligion” should be read by every searcher 
after truth, But Dr, Martineau’s address 
in London, last fall, on “ Religion as affected 
by Modern Materialism,” considered in con- 
nection with Dr. Draper’s book, portends 
danger to the dogmatic assertion of mere 
hypotheses, or guesses, as scientific facts, 
Enlighteued people are fond of sensation 
as a pastime, but, in the serious and des- 
perate conflict which is surely approaching, 
they will accept neither superstition nor 
sophistry, but only mathematical truth or 
pure logic, Scientifie imagination, useful 
in research, should not be allowed to cul- 
minate in illogical speculation. Phenom- 
ena are effects: and not their causes, but 
only their correlates or conditions under 
which they oceur, lie in the field of physical 
science. 

Physical force is not the cause of physi- 
cal action. Specific modes of force have no 
physical existence, but are only in thought 
correlatives to phenomena, Gravity is not 
the cause of the persistent movement of 
cosmical bodies, nor of their relative posi- 
tions to each other, nor is it a physical 
“thing;” it is only one of the many corre- 
lates in thought, of the ever-changing rela- 
tive positions of these bodies. 

Physical force or pressure has no gen- 
eralized mechanical equivalent, Like quan- 
tities of mechanical effect, due to like quan- 
tities of any mode of force, are limited to 
exact conditions, 

The fact that mere physical force or 
pressure is not the cause of motion, and has 
no quantitative equivalent in mechanical 
effect, is mathematically demonstrated thus: 

Under the gravity or pressure of the at- 
mosphere — fifteen pounds to the inch— 
water has a velocity of forty feet per sec- 
ond, and steam, or other gas of like den. 


sity, a velocity of 1,600 feet. Hence, con- 
sidering the relative velocities and masses, 
the mechanical effect observed with refer- 
ence to the gas is forty times that with 
teference to the water, both substances acting 
under the same pressure during the same 
time, (Space, never having been alleged to 
be a cause, is purposely neglected in this 
caleulation. As a correlate of phenomena, 
it will form the subject of a future com- 
munication.) These varying effects obtain 
whenever unlike masses move under dike 
qualities of constant force. Therefore, as 
cause equals effect, the mechanical effects, 
proportional to mass, being quantitatively 
different under the same force, they cannot 
be caused by the pressure or force under 
which they act, 

Hence, that scientific imagination which 
treats modes of force as causes, and from 
this hypothesis, and exactly conditioned 
experiments, generalizes the quantitative 
equivalent effect of any one mode—as the 
“mechanical equivalent of heat ”—and 
from similar hypotheses caleulates the den- 
sities, temperatures, ete, of other worlds 
than ours, is not in accordance with mathe- 
matical demonstration, and is, therefore, 
a delusion, ‘Promise and potency” are 
causes, and, as Prof. Tyndall very properly 
says, are discerned in matter; and, being 
absolutely known, they are not susceptible 
of proof. But their effects, being only ob- 
served, and therefore conditioned, are sus- 
ceptible of both proof and prediction from 
knowledge of the several conditions under 
which they arise. Pure science adduces 
not the causes, but only these conditions 
of phenomena. 

The times portend a crisis in one of Mr. 
Herbert Spencer's rkythms which has long 
been setting in, laden with sophistry, mis- 
called expediency, and general demorali- 
zation. Let pure science, resolutely, but 
carefully, take advantage of its ebb. 

A, ARNOLD 


Tenariy, N, J., December 28, 1874, 
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EDITOR’S TABLE. ‘ 


TYNDALL AND HIS REVIEWERS. 

E print in full the masterly 

reply of Prof. Tyndall to the 
attacks of his critics, which is prefixed 
as a preface to a new edition of the 
Belfast discourse. It was not to be 
expected that he would remain pas- 
sive under the unserupulous assaults 
to which he has been subjected; nor 
that, when he did speak, he would make 
any half-way work with his assail- 
ants. Our readers will agree that they 
have got no more than they deserve; 
and we think that every competent 
reasoner niust admit that Prof. Tyndall’s 
rejoinder to the main charges against 
his address is conclusive. 

In regard to the wisdom of opening 
and pursuing this important question, 
there can, we think, be no serious doubt. 
It can be condemned only by condemn- 
ing the general desirableness of dis- 
cussion, the analysis of opinions, and the 
comparison of conflicting views. It has 
been wisely said that of the three states 
of mind, or stages of conviction—the 
unanimity of the ignorant, the dis- 
agreement of the inquiring, and the 
unanimity of the wise—the second is at 
all events the parent of the third. He 
who drags people out of the slothfulness 
and stagnation of ignorant unanimity, 
even though thinking engenders dis- 
cord and dispute, is doing a wholesome 
and necessary work. This is what 
Prof. Tyndall has very suecessfully ac- 
complished. If to concentrate public 
attention upon a subject of great and 
acknowledged importance, to summon 
the most powerful minds to its re- 
examination, and to secure the keenest 
scrutiny into all its aspeets and bear- 
ings, be the way to arrive at its clearer 
understanding, then has the author of 
the Beltast address done an eminent 
service to his generation, Such ser- 


vices are always useful, but they be- 
come of high and especial value when 
the problems brought forward are new, 
or are old problems which have ac- 
quired new meanings by a change of 
the circumstances in which they are 
considered. The critics of Prof. Tyn- 
dall tell us that he has raised a very old 
question, one which comes up alike 
in every age, which is no nearer a 
settlement now than it was thousands 
of years ago, and which is just as in- 
soluble for modern science as for an- 
cient theology. But it is not easy to 
understand how the mere calling up of 
an obsolete and hopeless question, that 
derives no new significance from the 
present state of knowledge, should have 
made so profound an impression upon 
the strongest minds, in widely-separated 
countries, and in this age of absorbing 
intellectual activity. A startling state- 
ment may arrest momentary attention, 
but, if empty and futile, why should its 
interest be so sustained? For three 
months after the delivery of Tyndall’s 
address we were deluged with com- 
nents, dissections, exposures, and ref- 
utations by the daily and weekly 
press, and, had it been as vacant of vital 
meaning and pertinent application as 
many allege, its foree would long before 
this have been spent, and the subject 
would have died away as a mere super- 
ficial and transient excitement. But 
things have gone quite differently. The 
interest has increased rather than de- 
clined, and to the rattle of newspaper 
musketry begins now to succeed the roar 
of the monthly and quarterly artillery. 
And this for the adequate reason that 
new elements are at work, old questions 
are reshaped, and appear in new rela- 
tions, while the controversy takes on an 
aspect that it never presented before, 
and requires to be searched and sifted 
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in all its issnes and implications. The 
stage of uninquiring agreement has 
been passed, discussion has elicited 
a wide diversity of opinions, but the 
ultimate tendeney cannot fail to be tow- 
ard a more enlightened harmony of 
views. The crities of Prof. Tyndall of 
course differ with him, but their dif- 
ferenees among each other are no less 
marked, and their positions are often 
mutually destructive of each other. It 
will be instructive to eall attention to 
some of the indieations of conflicting 
opinion and converging advancement, 
exemplified by the later and more care- 
fully-considered criticisms. 

We have now before us three-ably- 
written articles, called out by Prof. 
Tyndall's address: one in Blackwood’s 
Mugazine for November, entitled 
‘Modern Scientific Materialism ;” 
another in the Penn Monthly for De- 
cember, by R. C. Thompson, who aims 
to answer the question, ‘‘ What would 
Tyndall be at?” and a third in the 
January International Review, entitled 
“Jdeas in Nature overlooked by Dr. 
Tyndall,” whieh was eontributed to 
that periodical by Dr. MeCosh. 

The first thing that strikes attention 
in perusing these papers is their sub- 
stantial agreement in regard to the 
doctrine of Evolution. Dr. MeCosh 
says: ‘Two great scientifie truths 
have been established in this century. 
One is the doctrine of the conservation 
of energy. ... the other great doc- 
trine is that of development, acknowl- 
edged as having an extent which was 
not dreamed of till the researches of 
Darwin were published.” The writer 
in the Penn Monthly is less explicit, 
but he assumes the principle, and would 
have no quarrel with it under a theistic 
interpretation. In fact, it is this which 
he contends for, and, without denying 
the process, is only inclined to belittle 
it. Of man he says: “His animal 
nature may or may not have owed its 
existence to the same process of Evolu- 
tion that has brought forth each high- 
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er species from that below it. We 
think the question not worth a half of 
one per cent. of the ink and paper that 
have been wasted uponit. The motive 
of many, if not of most, of the denials 
might fairly be traced to a certain 
Neoplatonist contempt of the animal 
creation, which has no right to shelter 
itself behind the Bible. Moses’s story 
of the origin of our animal nature is 
humbling enough ; not less so if we con- 
strue his words as declaring its direct 
creation from the dust, than if we sup- 
pose that it passed through more ele- 
vated forms of existence betore it at- 
tained its uprightness of stature and 
dignity of position. If Mr. Darwin 
teaches us the reality of our kinship on 
one side with the lower forms of life, 
and stirs in our hearts the feelings that 
that kinship should excite, he will not 
the less, but the more, fit us to claim a 
higher kinship with Him who giveth 
grace to the humble.” Friend Thomp- 
son may be unhesitatingly ‘‘ counted 
in” on the Evolution question, for he 
has evidently ‘‘conquered his preju- 
dices” on the point of a low animal 
ancestry, and when this is done all the 
rest is comparatively easy. The writer 
in Blackwood’s Magazine, so far from 
finding difficulty with the doctrine, takes 
to it admiringly. He says: “ We have 
no quarrel with the evolutionary hy- 
pothesis in itself. It is an inspiring con- 
ception to look upon Nature in all its 
departments as intimately linked to- 
gether from ‘ primordial germ’ to the 
most fully-dereloped organism—from 
its rudest speck to its subtlest symmetry 
of form, or most delicate beauty of col- 
or. The idea of growth and vital affin- 
ity is, we readily grant, a higher idea 
than that of mere technic after the 
manner of men. There is no call upon 
us to defend the imperfect analogies by 
which past generations may have pict- 
ured to themselves the works of Na- 
ture.” 

This is a large concession, and indi- 
eates an immense step forward in man’s 
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view of the nature of the surronnd- 
ing world. And it well illustrates the 
three phascs of opinion to which we 
have referred, for there was first a long 
unanimity of ignorance, then a stormy 
and obnoxious conflict, and this has led 
to a new and more intelligent basis of 
agreement. But, while there is a vir- 
tual accord among our writers as to 
the doctrine itself, they disagree radi- 
cally as to its interpretations, and show 
us that there must be a good deal of 
warm work yet before old beliefs are 
brought into consistency with the new 
theory. The writer in the Penn Month- 
ly refuses to modify his notions about 
breaks and new beginnings in the order 
of things. He says: “If there be one 
word more intolerable than another to 
science, it is beginning. To disprove 
supposed beginnings, to show that they 
were the outcome of what went before, 
is the scientist’s vocation. The cate- 
gory of canse and effect becomes, 
through long practice, his first law of 
thought, the groove of all his mental 
operations. With whatever fact he is 
brought face to face, his first impulse is 
to apply that category ‘to account for 
the tact,’ as he calls the process. And 
when he speaks of canses he comes to 
mean only secondary causes, those that 
are themselves effects. On the other 
hand, this word beginning seems to ns 
to embrace in it all that the metaphy- 
sician, the theist, and the Christian, 
have to fight for against the natural- 
ist.” But this conception of the gov- 
ernment of the world, ‘all that the 
theist and the Christian have to fight 
for,” the writer in Blackwood regards 
as a very derogatory view of the di- 


vine working. Iesaysof scientific men: ; 


“It is impossible for them, or for any, 
to conceive too grandly of Nature, or of 
the unbroken harmony and continuity 
of its movements. The very magnifi- 
cence of its order is only a further il- 
lustration of Divine wisdom; for surely 
the very thonght of a Divine mind im- 
ples the perfection of wisdom, or, in 
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other words, of order, as its expresssion. 
The more, therefore, the order of Na- 
ture is explained, and its sequences seem 
to run into one another with unbroken 
continuity, only the more and not the 
less lottily will we be able to measure 
the working of the Divine mind.” 
Again, these writers come into sharp 
collision over the qnestion of the atom- 
ic theory. There bas been much com- 
plaint that. Prof. Tyndall did not take 
up for discussion some special sci- 
entific topic which he had made his 
own; yet he did exactly this thing. 
His discourse is a monograph on that 
part of physical philosophy which he 
has been compelled during all his 
scientific life to study, that is, the evi- 
dence and import of the doctrine of 
the atomic or molecular constitution of 
matter, Thisis a problem which scien- 
tific men cannot evade: they are driven 
to it by the very exigencies of mental 
action; as Dr. McCosh well observes: 
“We seem to be obliged by a sort of 
necessity of thought or speech to fall 
back on some such conception. If 
every thing we see in the world be 
composite, and capable of analysis and 
division, we have to think and talk of 
something indivisible and undecom- 
posable, which we may call particles, 
molecules, or atoms.” But if the idea 
is thus fundamental and deals with the 
very essence and core of scientific 
philosophy, Prof. Tyndall certainly 
did not go out of his splere in con- 
sidering it. And though he is con- 
demned, there appears to be no com- 
mon ground for censure. Ilis critics 
are as much at variance with each 
other as they are with him. The 
writer in the Penn Monthly attacks the 
atomic theory at the outset asif it were 
some sort of a religions enemy which 
must be got out of the way; and he 
scouts it as an unprovable hypothesis, 
bad metaphysics, and which explains 
nothing. On the other hand, the writer 
in Blackwood declares it to be “a per- 
fectly valid theory, resting on its own 
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evidence,” and adequate to explain the 
physieal origin of the nniverse; while 
Prof. Clerk Maxwell, according to Dr. 
McCosh, “ discovers, in the very nature 
and properties of a molecule, a proof of 
design,” thus making the atomic the- 
ory a help to religion by furnishing 
evidence of the existence of God. 

It is a noteworthy circumstance, as 
showing the growth of a better state 
of mind, that the writers we are con- 
sidering agree in abstaining from the 
eharge of materialism, which has been 
so freely indulged in by others against 
Prof. Tyndall. They know that it can- 
not be maintained; but, while refrain- 
ing from the imputation of ‘‘ gross mate- 
rialism,” it ts still implied that he must 
be some sort of a materialist. The wri- 
ter in the Penn Monthly expressly ac- 
quits him of the charge as usually eon- 
strued, by saying, ‘‘ Prof. Tyndall is not 
a materialist of the school of De la 
Mettre and Holbach.” He then puts 
the question, “In what sense, then, is 
Prof. Tyndall a materialist, if he be one 
at all?’ and replies: ‘In the sense of 
being a nxaturalist ;” and this term is 
again used in a vague and unusual sense. 
But it were better to have allowed Prof. 
Tyndall to explain his own position, 
which he has done in the most explicit 
manner. It is now generally under- 
stood, as the writer just quoted implies, 
that the term “materialism” is used 
with different significations, and Prof. 
Tyndall has qualitied the form of it 
which he maintains as “ scientitic mate- 
rialism.” This consists simply in as- 
cribing higher powers and possibilities 
to matter than hitherto, and not in sink- 


ing mind in matter, or in asserting the | 


materiality of mind in the name of sci- 
entific authority. In an address, deliv- 


ered before the mathematical and phys- | 


ical section of the British Association 
held in Norwich, in 1868,’ Professor 
Tyndall took exactly the same ground 
that he assnmed last August at Belfast; 


1 This interesting discourse has been added 
as an Appendix to the last American edition of 
the Belfast Address. 


‘handed spiral motion. 
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and passages from the discourse were 
widely quoted at the time as containing 
the most decisive disavowal and dis- 
proof of materialism in its usually ac- 
eepted sense. Our reviewers shonld 
have reproduced the following portion; 
and, as they have not, we supply the 
omission : 


“The relation of physics to conscious- 
ness being thus invariable, it follows that, 
given the state of' the brain, the correspond- 
ing thought or feeling might be inferred; 
or, given the thought or feeling, the corre- 
sponding state of the brain might be in- 
ferred, But how inferred? It would be at 
bottom not a case of logical inference at all, 
but of empirical association. You may re- 
ply that many of the inferences of science 
are of this character; the inference, for ex- 
ample, that an electric current of a given di- 
rection will deflect a magnetic needle in a 
definite way; but the cases differ in this, 
that the passage from the current to the nee- 
dle, if not demonstrable, is thinkable, and 
that we entertain no doubt as to the final 
mechanical solution of the problem, But 
the passage from the physics of the brain 
to the corresponding facts of consciousness 
is unthinkable. Granted that a definite 
thought, and a definite molecular action in 
the brain, occur simultaneously; we do not 
possess the intelectual organ, nor apparent- 
ly any rudiment of the organ, which would 
enable us to pass, by a process of reasoning, 
from the one to the other. They appear to- 
gether, but we do not know why. Were our 
minds and senses so expanded, strength- 
ened, and illuminated, as to enable us to sec 
aud feel the very molecules of the brain; 
were we capable of following all their mo- 
tions, all their groupings, all thetr electric 
discharges, if such there be; and were we 
intimately acquainted with the correspond- 
ing states of thought and feeling, we should 
be as far as ever from the solution of the 
problem, ‘ low are these physical processes 
connected with the facts of consciousness ?? 
The chasm between the two classes of phe- 
nomena would still remain intellectually im- 
passable. Let the consciousness of love, tor 
example, be associated with a right-handed 
spiral motion of the molecules of the brain, 
and the consciousness of hate with a left- 
We should then 
know when we love that the motion is in 
one direction, and when we hate that the 
motion is in the other; but the ‘why?’ 
would remain as unanswerable as before, 

“Tn affirming that the growth of the body 
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is mechanical, and that thought, as exereised 
by us, has its correlative in the physics of 
the brain, I think the position of the ‘mate- 
rialist? is stated, as far as that position is a 
tenable one. I think the materialist will be 
able finally to maintain this position against 
all attacks, but I do not think, in the pres- 
ent condition of the human mind, that he 
can pass beyond this position, I] do not 
think he is entitled to say that his molecu- 
lar groupings and his molecular motions ex- 
plain every thing. In reality, they explain 
nothing. The utmost he can attirm is the 
association of two classes of phenomena, of 
whose real bond of union he is in absolute 
ignorance. The problein of the conneetion 
of body and soul is as insoluble in its mod- 
ern form as it was in the prescientifie ages.” 


And so it turns out that he who has 
been buried under a mountain of exe- 
eration for using science to drag the 
world into the abyss of materialism, is 
precisely the man who has demonstra- 
ted that no possible extension of science 
can ever lead one step toward that dread 
abyss. THe has taught us that if seience 
could attain perfection and predict the 
movements of all the atoms of Nature 
for thousands of years to come, as it 
now predicts eelipses, it would not be 
one whit nearer the solution or explana- 
tion of the mystery of the relation of 
mind and matter than it was in its in- 
fancy. 

Referring to the admission in the 
foregoing passage, that ‘‘ we eannot see 
any nexus between cerebral action and 
thought, or discover why a movement 
of the brain should lead to mental ex- 
ercise,”’ Dr. MeCosh says, ‘ But this 
was hever intended to mean much.” 
What right has Dr. MeCosh to assume 
that Prof. Tyndall means less or other 
than what he says? His words are cer- 
tainly not obscure, and we think they 
are weighty with meaning; so weighty, 
that it is only by an imputation of in- 
sincerity or eqtivocation that their ef- 
feet. can be escaped. Had they been 
generally heeded, or had Prof. Tyndall's 
reviewers been candid enough to make 
them widely known, we should have 
heard a great deal less vituperation of 
the Belfast address, 
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SCIENCE AND SOCIAL REFORM. 


Iris well known that the ground 
taken in this periodical in regard to the 
seope and influence of science is, that 
both as a mental method, and by the 
actual knowledge it furnishes, it is des- 
tined in the future to exert a growing 
and powerful control over public ques- 
tions which have hitherto been but 
little, if at all, affected by it. The 
frantic efforts made by many to keep 
setence in its old physical grooves, and 
prevent its ‘ encroachments” upon de- 
partments of thought thus far dealt with 
by non-scientific methods, are doomed 
to certain failure. An excellent exem- 
plitication of this tendency is now fur- 
nished by the woman question. It has 
latterly come into prominence in various 
aspects as a practical reform, and the 
most radical and momentous changes 
are demanded, both in the view to be 
taken of the feminine nature and ea- 
pacities, and in the social and publie 
regulations to which women have been 
amenable in the past. The promoters 
of this alleged reform are generally phi- 
lanthropists, sentimentalists, and politi- 
cians, who, starting from existing and 
acknowledged evils in society by which 
women sutfer, rush on to the advo- 
eacy of sweeping changes, as if socie- 
ty had but to swallow their panaceas, 
and its evils would disappear. That 
there is a scientific side of the subject, 
of the greatest importance, these people 
neyer seem. to suspect. It is observable 
that into the literature of the move- 
ment science has, thus far, hardly in- 
truded, and little disposition is evineed 
to seek its assistanee. We cannot, how- 
ever, expeet that people will be very 
eager to turn their baeks upon their 
own methods of thought; and our pro- 
fessed reformers have their own well- 
settled methods. In the present case, 
certain political assumptions are made, 
and certain beliefs postulated, regard- 
ing feminine character, and from these 
s reformatory policy is deduced and 
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hotly urged for immediate adoption. 
This was the course of even so trained 
a thinker as Mr. Mill. Tle brought his 
resources of philosophy and logic to 
bear upon the subject, and gave to the 
reformers their text-book ; but he went 
on as oblivious of science as if such a 
thing had never been heard of. And 
yet the fundamental questions of this 
important movement belong solely to 
scientific investigators. Politicians, phi- 
lanthropists, and logicians, will grope 
blindly and strike wildly in treating it, 
until Science has instructed them in its 
phenomena and laws, and shown them 
what voice Nature has in the decision 
of their questions. Politicians do not 
seek this information, nor care for it, 
when it is thrust upon them; but, all 
the same, the question must finally 
be determined by it. As we have said 
again and again, the missing factor, in 
its current discussion, has been a scien- 
tific exposition of the peculiarities of 
the feminine nature, and this absent 
factor is at the foundation of the whole 
inquiry. But the discussion is already 
beginning to turn in the scientific direc- 
tion. The appearance and large ciren- 
lation of Dr. Clarke’s books, and the 
perturbations and reactions they have 
produced, show that this bearing of the 
subject is beginning to be appreciated. 
We have recently published two excel- 
lent: contributions, written by ladies, 
which quietly assume the scientific 
point of view, and recognize its con- 
trolling importance. They even treat 
this delicate and serious subject in the 
light of the most advanced speculations, 
against which many have an intense 
repugnance, and thus testify that the 
question can only be settled on the 
basis of reason, fact, and natural law. 
Other essays have been sent us with 
varying merits, which we have been 
compelled to decline for want of room, 
and because we aim to represent that 
scientific side of the subject which fails 
to find expression in other magazines. 
And now we ask the careful attention 


595 


of our readers to the article of Dr. Van 
De Warker, in the present Monrnty, 
on “ Women in Relation to the Profes- 
sions and Skilled Labor.” The mode 
of considering the subject adopted by 
this writer is what has long been want- 
ed; and his facts and conclusions should 
be well pondered by those who are ve- 
hemently advocating “revolution” in 
the social and industrial relations of 
women. Philanthropy is an excellent 
thing if duly enlightened; measures of 
relief are desirable if wisely conformed 
tu facts; and therefore the first thing 
is to hear what Science has to say as 
to the fundamental conditions upon 
which all genuine and permanent re- 
form must depend. 


AN ELECTRO-MEDICAL HUMBUG. 


Tere appeared, in Tue PoruLar 
Science Montnty of February, 1873, an 
article entitled ‘Is Electricity Life?” 
taken from the English Belgravia Mag- 
azine. Its admission to our pages was 
an editorial inadvertence, the article 
having been glanced at in haste, and 
only the first portion of it read. Its 
object, however, was to puff a quackish 
device of magnetic chains and bands, 
to be worn for the cure of nervous 
diseases. They were first called * Pul- 
verinacher’s Rings,” and, having now 
been revived as “The Voltaic Arma- 
dillo,” they are advertised as indorsed 
by Tne Porpurar Sciznce Monraty. 
The advertiser says that the most emi- 
nent medical men of Enrope and Amer- 
ica approve their use, but none of their 
names are given, the sole authority 
quoted being the foreign writer in this 
magazine. Now, the publication of that 
article was a blunder; and the article 
itself is worthless and absurd: and if 
all editors, who happen to have been, 
at some time, the victims of careless 
oversight will copy this paragraph, they 
may help to protect a great number of 
stupid people with “ rheumatics” and 
“neurology ” against being humbugged. 
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Tue Native Races or tHe Pactric States 
or Norta America. By Husert Howe 
Bancrorr. Vol. I. Wild Tribes. 797 
pages. Price, 5. D, Appleton & Co. 
Ir it be true that “the proper study of 

mankind is man,” it is equally true that 
mankind has shamefully neglected its les- 
sons. There is, perhaps, no great subject 
upon which the knowledge attained is so 
seanty, chaotic, and misleading, as that re- 
lating to the different sorts of humanity, or 
ihe races and varieties of mankind. Into 
the cause of this it is not necessary here to 
enter, but it is probably conneeted, in an 
intimate manner, with the laws of growing 
intelligence. Until there arises some per- 
ception of the valuc of knowledge, of the 
relation of facts to principles, and the im- 
portance of valid generalizations, there will 
be no such thing as accurate, methodical 
observations, and the systematic collection 
of the data requisite for the formation of 
intelligent opinions. The unfilled gaps in 
“«Spencer’s Tables of Descriptive Sociol- 
ogy” give us the most striking illustrations 
of the deficiency of trustworthy information 
regarding the characters, habits, and pecu- 
liarities, of the different tribes of men. It 
is a matter of great importance that these 
deficiencies should be supplied, and the 
prominence which ethnological studies have 
latterly assumed, as a part of the general 
progress of science, gives assurance that 
ihe subject will be less neglected in the fu- 
ture. We have reached a stage in the 
growth of knowledge concerning the social 
relations of men which makes it necessary 
to have the elementary facts exhaustively 
collated, carefully digested, and thrown into 
conveniently-accessible forms for gencral 
reference and study. 

This necessity has been distinctly seen 
by the author of the work before us. For 
mapy years a resident of San Francisco, in 
the midst of decaying races and the relics 
of old civilizations, he was attracted to eth- 
nological problems, and saw the importance 
of making the subject a matter of compre- 
hensive sindy. IIe has devoted twenty 
years to this task, the result of which is a 
work of encyclopedic scope, the first volume 
being devoted to the wild tribes of the Pa- 


SCIENCE MONTHLY, 


cific region of North America, and this is now 
published. The second volume will treat 
of the civilized nations, to be followed by 
three volumes on the Mythology, Languages, 
Antiquities, and Migrations of the races and 
tribes that areembraced within his scheme. 
Of the thoroughness with which Mr. Ban- 
croft bas carried on his work, the following 
extracts from his preface give a good inti- 
mation : 


“To some it may be of interest to know 
the nature and extent of my resources for 
writing so important a series of works. The 
books and manuscripts necessary for the 
task existed in no library in the world; 
hence, in 1859, 1 commeneed collecting ma- 
terial relative to the Pacific States. After 
securing every thing within my reach in 
America, I twice visited Europe, spending 
about two years in thorough researches in 
England and the chief cities of the Conti- 
nent. Having exhausted every available 
source, I was obliged to content myself with 
lying in wait for opportunities. Not long 
afterward, and at atime when the prospect 
of materially adding to my collection seemed 
any thing but hopeful, the ‘ Biblioteea Im- 
perial de Méjico, of the unfortunate Maxi- 
niilian, colleeted during a period of forty 
years, by Don José de Maria Audrade, Mt- 
térateur and publisher of the city of Mexico, 
was thrown upon the European market, and 
furnished me about three thousand addi- 
tional volumes, 

‘In 1869, having accumulated some six- 
teen thousand books, manuscripts, and pam- 
phiets, besides maps and cumbersome files 
of Pacific coast journals, I determined to go 
to work. But I soon found that, like Tan- 
talus, while up to my neck in water, I was 
dying of thirst. The facts whieh I required 
were 80 copiously diluted with trash, that to 
follow different subjects through this track- 
less sea of erudition, in the exhaustive man- 
ner I had proposed, with but one lifetime 
to devote to the work, was simply impracti- 
cable, In this emergeney, mv friend Mr. 
Henry L. Oak, librarian of the collection, 
eame to my relief. After many consuita- 
tions, and not a few partial failures, a system 
of indexing the subject-matter of the whole 
library was devised, sufficiently general to 
be practicable, and sufficiently particular to 
direet me immediately to all my authorities 
on any given point. The system, on trial, 
stands the test, and the index, when com- 
pleted, as it already is for the twelve hun- 
dred authors quoted in this work, will more 
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shan double the practical valne of the li- 
brary.’ 


Of the spirit in which the work has been 
executed we may say that the writer’s main 
object has been to make it trustworthy and 
yaluable for the use of students. He is evi- 
dently a most painstaking and conscientious 
worker, and is constantly careful to give the 
authorities for his statements. Although not 
without his own views upon the various 
questions which arise, he is not dogmatical, 
and puts his reader in full possession of the 
grounds upon which his judgments are 
formed. It may be added that, though the 
present volume contains a great amount of 
information which might be supposed to be 
dry and unattractive, its pages are never- 
theless extremely readable; and, to those 
who have any interest in ethnological in- 
quiries, they will have a strong fascination. 


Report oF THE COMMISSIONER OF AGRICULT- 
URE FOR THE YEAR 1872. 


Tue recent reports of the Department 
of Agriculture show, we think, considerable 
advance on their predecessors. The Statis- 
tical Division is the work of six thousand 
collaborators. The entomological report, 
by Townsend Glover, who is himself scien. 
tist, artist, and engraver, is a really able 
exhibit of the Diptera or flies, from the great 
bot- flies, to the diminutive wheat- midge, 
which caused a loss in the cereals to the 
State of New York in 1854 of $15,000,000! 
Ryland Brown, the chemist, gives analyses 
of vegetables, soils, and fertilizers, ete. The 
report of George Vasey, the botanist, con- 
taius well-worked papers on arboriculture, 
especially on tke cinchona, a tree which 
yields the Peruvian bark, and from which 
is obtained quinine. Thomas Taylor de- 
tails exhaustive work as a microscopist on 
the fungi which produce the pear-blight, 
and the yellows in the peach-tree. The 
epizooty, fish-culture, and forest cultivation 
on the Plains, receive attention. There is 
algo a good report on industrial education, 
etc., etc. The whole report gives evidence 
of painstaking work in the field of agricult- 
ure, and the results given are practical to 
a degree. The article by Prof. James Law 
on “Influenza in Horses’? deserves circu- 
lation as a separate document. 
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Insanity anp Disease, An Address be- 
fore the Oneida County Medical Society, 
October 13, 1874. By L. A. Tourtet- 
tot, M. D., Utica, New York. 

Tne question of the relation of mind 
and body, while it has a profound interest 
for the speculative thinker, takes on a more 
practical aspect to the physician. Yet it 
is true that this practical urgency of the 
problem to the medical man is the chief 
cause of the more rigorous scientific inves- 
tigation which the subject has reecived in 
the present century, and which has revolu- 
tionized the older views that were enter- 
tained concerning it. But the question may 
be properly raised whether this revolution 
has not procecded too far, and led to inde- 
fensible extremes of doctrine as a reaction 
from the absurdities of the older belief. 
We understand this to be substantially Dr. 
Tourtellot’s ground in this able address. 
He says: “ During the middle ages and down 
nearly to the present century the secondary 
and inferior nature of matter as compared 
with wind was a doctrine almost undisputed 
in the world of learning. This doctrine is 
reflected in the sentiment which despised 
and contemned the human body and dis- 
couraged the studies of physiology and 
pathology. It followed also that bodily 
diseases were attributed to sin or to pos- 
session by evil spirits, Mental disorder 
especially was considered a disorder of the 
soul, and moral insanity was thought to de- 
mand punishment rather than to excuse 
from it. It is easy to see how such a be- 
lief operated to cause that abuse and neg- 
lect of the insane which so long prevailed. 
Its evil effects upon society also appear in 
the monastic rules, the severe penances, and 
the thousand extravaganees of religious fa- 
naticism which history records.” 

The reaction from this doctrine, hegin- 
ning in that higher respect for matter 
which modern science inculcates, professes 
to base itself upon the results of physiology 
and pathology, and propounds the view that 
mental disorder is in all cases simply a 
bodily or brain disease. The implication is 
that mind, in its normal or usual mani- 
festation, is a cerebral function, and this is 
held to necessitate the inference that ab- 
normal mental manifestations are caused 
only by physiological derangement. This 
is the ground taken by that eminent alien- 
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ist Dr. Maudsley, and Dr. Tourtellot admits 
that, however great may be the want of evi- 
dence to establish the theory, it is at least 
a consistent position. Dr. Mandsley says, 
“To write as if sanity is a thing of the im- 
material, aud insanity a thing of the mate- 
rial world, is to infer that men are furnished 
with brains only that they may beeome in- 
sane.” Yet it seems that some physicians 
find it convenient to entertain both theories ; 
and we are informed in this diseourse that 
Dr. John P. Gray, Superintendent of the 
State Lunatie Asylum at Utica, in a paper 
read before the New York State Medical 
Society, on ‘The Dependence of Insanity on 
Physical Disease,” takes the ground that 
mental aberration is due to bodily disor- 
der; but, being “no materialist, he does not 
regard sound mental action as the result of 
a sound and healthy brain, and denounces 
such a notion” as “an attempt to revive 
the exploded vagaries of the French mate- 
rialism of the eneyclopedists and the Revo- 
lution.” Obviously the superintendent is a 
politician as well as a doctor. 

But, even assuming that insanity is a 
bodily disease, Dr. Tourtellot maintains that 
it is impossible to find the indications of it 
in the bodily structures, He quotes Lei- 
dersdorf as declaring any such demonstra- 
tion “outside the realm of possibility ;” 
while Griesinger, the celebrated German au- 
thority, ridicules the “ belief that every men- 
tal disorder must correspond to a palpable 
cerebral Jesion.” The practical evil of the 
extreme theory, that insanity is in all eases 
essentially a bodily disease, Dr. Tourtellct 
thinks to be an undue relianee upon medi- 
cation for a cure. This leads to the appeal 
for legislative aid upon an enormous scale, 
to provide medieal establishments for the 
treatment of the insane. Upon this point 
Dr. Tourtellot remarks: 


“T must point you to one other evil, of 
perhaps greater magnitude, which is directly 
due to Dr. Gray’s false theory and vicious 
reasoning. You are doubtless aware that 
the demand for new hospital-asylums, to 
provide for all the insane of the State, has 
been based mainly upon the doetrine that 
insanity is a bodily disease, easily eurable in 
its early stages, At length, the Legislature 
of this State was prevailed upon to authorize 
the building of two sueh asylums. And, as 
they were in the end to save vast sums of 
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money through the speedy eure of those who 
must otherwise, as incurable, beeome a pub- 
lic charge for life, it was not necessary to 
spare expense upon them, These asylums, 
in faet, were planned to require an outlay of 
from §8,000,000 to $10,000,000 for a total ea- 
pacity of 800 patients. Now, I need not stop 
to prove to you how even more absurd is the 
plan of ‘stamping out’ insanity by medical 
treatment than that of exterminating caneer 
and serofula would be. The serious proposal 
of such aseheme by a medieal man in any part 
of Europe wonld be enough to brand him as 
a visionary or a quack. That it should not 
only have been proposed, but apparently ae- 
eepted as the basis of a poliey of provision 
for the insane in this country, seems hardly 
eredible. But, as you know, the poliey is 
still urged upon our State Legislatures, and 
the argument for it is repeated in nearly all 
our asylui-reports, year after year,” 


Dr. Gray makes the statement in bis last 
report to the Legislature, that ‘a recovery 
of four-fifths” (of insane persons) “might 
reasonably be expected, if treated within 
three months of the first attack ; while, if 
twelve months are allowed to elapse, the same 
proportion may be considered as incurable.” 
Dr. Tourtellot replies that this is a fallaey, 
and states that, in a large number of the 
eases, the outbreak is sudden and transient, 
and that ‘it is quite certain that four-fifths 
of sueh patients will recover even without 
special treatment... . But, on the other 
hand, patients bronght to the asylum a year 
or more after their attack, are of a wholly 
different class. Their insanity was chronic, 
not only in its fully-developed stage, but in 
the stage of invasion. It was never possible 
to bring them to an asylum within three 
months of the date of their attack. Their 
insanity came on impereeptibly, and opin- 
ions might differ months or even years as to 
the time of its beginning.” 

In regard to the vexed question of 
the definition of insanity, the author re- 
marks: 

‘After what has been said, you will not 
expeet me, in elosing, to present yon witha 
definition of insanity as a physieal] faet. The 
term is a purely metaphysical one, and ean- 
not be translated into the language of natu- 
ral scienee. To say that insanity is morbid 
energy of the nervous element, is to state 
what we al] admit to be a legitimate seien- 
tifie hypothesis, but at the same time know 
to be worthless as a definition, On the other 
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hand, a precise definition from the side of 
mental science is acknowledged to be impos- 
sible. Taken in its broad sense, the word 
simply denotes a marked degree of mental 
disorder. What that degrce is, depends upon 
the practical issue presented in each case. In 
highly-civilized countries a moderate degree 
only, more or less incapacitating for the due 
performance of the social relations, consti- 
tutes insanity, and entitles its subjects to the 
charity and protection of the state. Where 
it is claimed to excuse from the punishment 
of crime, a high degree of mental disorder is 
required to be shown. Other degrees are 
necessary in order to make void a will, or 
excuse from the performance of a contract. 
A slight degree only may constitute a medi- 
cal case of insanity, of the greatest interest 
and importance. In a narrower and techni- 
cal sense, insanity denotes chronic mental 
disorder not obviously belonging, as a symp- 
tom, to some recognized form of bodily dis- 
ease.” 


aAnimaL Paysiotogy: The Structure and 

Functions of the Human Body. By 

Joun Curnanp, M.D., FL. RLS. New 

York: G. P. Putnam's Sons. 12mo, 325 

pages. Price, $1.50. 

In the first chapter of this work the 
author gives a brief account of the relations 
of physiology to other departments of sci- 
ence; a description of the composition and 
properties of organic matter; definitions 
of the principal functions ; and a couple of 
pages on the neucleated corpuscle, which 
he is disposed to regard as the ultimate 
physiological unit. Connective tissues; the 
skeleton and its function, with the minute 
structure of bones, ligaments, and carti- 
lages; muscles, their structure and mode 
of action; and the structure and functions 
of the skin and mucous membrane, form 
the subjects of the four succeeding chap- 
ters. Alimentation, and the apparatus and 
process of digestion, are next treated; and 
then follow in the usual order chapters on 
the blood, the circulation and its organs, 
and respiration. The structure and func- 
tions of the glands are next disposed of; 
and three chapters are given to the anatomy 
and physiology of the nervous system, in- 
cluding the organs of special sense. Voice 
and speech are next treated; and the book 
closes with a chapter on the subject of re- 
production and development. The matter 
of the work is largely anatomical, too much 
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so, in our opinion, for a book on physiolo- 
gy; but, as the author says that it is in- 
tended for those “ previously unacquainted 
with anatomical details,” this feature may 
be exactly suited to their needs. In this 
case, however, the physiology should have 
been similarly graded, which it is not, being 
much too advanced for pupils ignorant of 
anatomy. The work is mainly a compila- 
tion, the author claiming originality only in 
his method of grouping the facts. The style 
is clear, the illustrations are numerous and 
well executed, and both a glossary and in- 
dex are appended. 


ELEMENTS OF ZooLocy FoR ScuooLs AnD 
Science Crasses. By M. Harrison. 
New York: G. P. Putnam’s Sons. 16mo, 
172 pages. Price, ‘75 cents. 

Tue title of this book is doubly mislead- 
ing. It is called a zoology, when, in fact, 
it deals with only one department of that 
great subject, viz., comparative anatomy ; 
and, instead of giving the elements of this, 
goes rather to the opposite extreme, being 
little more than a bare statement of those 
later generalizations embodied in modern 
systems of classification. The book is not 
adapted to the wants of beginners, and is, 
therefore, quite out of place in an “element- 
ary series.” Those, however, desiring a 
brief summary of this branch of zoological 
science will find it of service, thongh the 
works of Huxley, from which it is mainly 
derived, put the subject in a much more at- 
tractive shape. The book is copiously il- 
lustrated, has a series of questions attached 
to each of the chapters, and is provided with 
a glossary. 
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Observations of the Transit—So far as 
heard from, the numerous expeditions which 
went out to observe the recent transit of 
Venus met with a fair measure of success, 
By the wise liberality of the various gov- 
ernments, the contingencies of fair or foul 
weather were provided against, and the 
view, which at one point was obstructed 
by clouds, was more successfully had at 
some other station in the same latitude, 
where the skies were more propitious. At 
Wladiwostock, the most northern station 
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ocenpied by American observers, the mo- 
ment of first contaet was accurately ascer- 
tained, despite a lazy atmosphere, and 13 
photographs were taken. From Peking, 
which is station 2 in Prof. Langley’s charts, 
we haye as yet seen no report. At Nagasaki, 
the observers met with complete success. 
At Hobart Town, success was only partial; 
still 113 photographs were taken. The 
party whose station, according to Prof. 
Langley, was Bluff Harbor, New Zealand, 
scem to have located themselves at Queens- 
town, in that colony. Their observations 
were very successful, and ‘237 photographs 
were made of the first contact.” From the 
remaiuing three American stations, viz., 
Chatham, Kerguelen, and Possession Isl- 
ands, no report has yet been received. 

Accounts from stations occupied by Eu- 
ropean astronomers report entire suecess at 
Cairo, Suez, Thebes (Egypt), Bushire (Per- 
sia), Calentta, Rurkee, Kurrachee (India), 
Hiogo, Nagasaki, Yokohoma (Japan), Mel- 
bourne (Australia), Hawaiian Islands (3), 
and Tschita and Jalta (Russia). From 
twelve stations total failure is reported, 
and from seven partial success. The suc- 
cess of the American party in New Zealand 
is specially gratifying, as furnishing obser- 
vations from a distant point in the South- 
ern Hemisphere, to be compared with those 
taken near the same meridian in the North- 
em Hemisphere. The observers in the 
more remote islands of the South Sea 
(Chatham, Kerguelen, Possession) are not 
likely to be heard from for some weeks. 
Arrangements have been made by the Brit- 
ish Astronomer-Royal to have dispatches 
from these islands forwarded at the earliest 
possible moment. 

The zeal of the various governments in 
equipping expeditions for observing this 
transit is without parallel. Concerning the 
part taken in this noble strife by the United 
States, Vature observes as follows: “The 
United States lead all the other nations in 
respect both to the amount of money which 
her Government has contributed, and of the 
discomfort, not to say dangers, of the sta- 
tions she has chosen in the southern seas, 
Posts of importance, which were given up 
as too hopelessly miserable even for enthu- 
siastic English astronomers, have been oc- 
cupicd by Americans.” 
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Systematic Position of the Brachlopoda. 
-—-The Brachiopoda is a class of animals 
peculiar to the sea, and their remains fill 
the rocks of past ages Their bodies are 
protected by bivalve shells, which external- 
ly bear some resemblance to the shell of 
«Anomia and other mollusks; and most of 
them live attached to the sea-bottom by a 
sort of fleshy stalk or peduncle. It was 
formerly believed that all Brachiopoda were 
so attached ; but the genus Lingula, first 
carefully studied in the living state by Prof. 
Edward 8, Morse on the coast of North Car- 
olina, was found by him living free in the 
sand. We published a brief account of his 
discoveries in the American Journal of Sci- 
ence and Arts ; and since then the late Dr. 
Stolinsky, Director of the Geological Survey 
of India, has confirmed his work by observ- 
ing the same peculiarities in the large Lin- 
gula anatina in the Indian Ocean, 

From the beginning, the brachiopods 
have been unhesitatingly classed with the 
mollusks—neither Cuvier, Owen, Vogt, Han- 
cock (whose remarkable memoir won for 
him the gold medal of the Royal Socicty), 
Huxley, Davidson, nor others who have writ- 
ten on the subject, having even suggested 
that they belonged elsewhere. After long 
and industrious study, Mr. Morse, in 1870, 
boldly announced, in the American Natu- 
ralist, his belief that the brachiopods were 
true anuclidan worms, and had not the 
slightest relation to the mollusks. Of 
course, such revolutionary views were ut- 
terly denied by the conchologists in this 
and other countries; nevertheless, Morse 
persisted, and he now has the satisfaction 
of sceing his discoveries indorsed by many 
of the leading naturalists of the world. 
From time to time since 1870 he has pub- 
lished, in the “Proceedings and Memoirs 
of the Boston Society of Natural History,” 
the results of his studies on the Brachiopoda, 
and was thie first to throw light on the em- 
bryology and carly stages of certain mem- 
bers of this class. Last year, for the first 
time, he gave a complete history of one of 
its forms, from the egg to maturity, ilius- 
trating his memoir by two steel plates, con- 
taining over one hundred figures. The dis- 
coveries there recorded fully vindicated the 
position he had previously maintained, that 
the brachiopods were aunelids, and not mol- 
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lusks. Among the many naturalists who 
have indorsed this radieal change in classifi- 
eation, Leidy, Mr. A. Agassiz, Hyatt, Pack- 
ard, Barnard, Hartt, Tuttle, and Dr. Coues, 
may be named for this country, and Mr. 
Darwin, Gegenbaur, Haeckel, and others, 
abroad. Mr. Morse also pointed out in the 
above memoir that, twenty years ago, Dr. 
Steenstrup, of Copenhagen, had entertained 
the same view respecting their affinities. 
Recently, Dr. Kowalevsky, the eelebrated 
Russian naturalist, has published in Mos- 
cow a memoir on the embryology of certain 
Brachiopoda studied in the Mediterranean, 
in which he not only fully confirms the em- 
bryological studies of Prof. Morse, but in- 
dorses the latter’s view, that the brachio- 
pods are annelids. In a review of Kowalev- 
sky's memoir, published in the last number 
of the American Journal of Science and 
alrts, Mr. A. Agassiz, after calling attention 
to the striking manner in which the investi- 
gations of this writer confirm the view of 
Steenstrup and Morse regarding the affinities 
of Brachiopoda with annelids, goes on to 
say: “It is not out of place to recall the 
very ungenerous treatment which Morse re- 
ceived at the hands of many conchologists 
for the heresies of his paper on the sys- 
tematic position of the Brachiopoda; and 
it certainly is a striking proof of the sagaci- 
ty of Morse to have announced so positive- 
ly, from the history of the American Brachi- 
opoda, the vermiform affinities of brachio- 
pods, now so conclusively proved by the 
development of Argiope in Kowalevsky’s 


paper.” 


_ very slight. 


A Carious Winter Climate.—Prof, Frank. | 
land has communicated to the Paris Acade- 
| squarely against the face of the rock. The 


my of Scienee some curious observations 
inade by him in the Rhetian (Grisons) Alps, 
and specially in two villages situated at an 
altitude of 5,412 fect, and much frequented 
by consumptives, Last December, while the 
soil was covered with snow, at a tempera- 
ture of 24° Fahr., Mr. Frankland found the 
patients spending the whole day out-of- 
doors, in the sunshine, and wearing the 
same elothing they usually wore in spring 
and autumn. On inquiring into the cause 
of this, Mr. Frankland discovered that a 
thermometer exposed to the sun’s rays 
showed an atmospheric temperature of from 
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95° to 104° Fahr., that is to say, summer 
heat. Providing the air is calm, living in 
this atmosphere is very beneficial to per- 
sons affected with chest-diseases. The au. 
thor at the same time perceived that this 
heating of the air takes place immediately 
on the appearance of the sun above the 
horizon, and that it continues till sunset. 
Further, lic observed that if a thermometer 
be placed in an inclosed area, one of the 
walls being of glass, and the others coated 
with lamp-black, the inside temperature 
quickly rises to 221° Fahr, 


Elongation of the Trnuks of Trees.— 
Mr. Elias Lewis, Jr., of Brooklyn, recent- 
ly read a paper before the Natural Ilistory 
section of the Long Island Horticultural 
Society, giving the results of some observa- 
tions on this subject. Ife said: “Ifa tree- 
trunk lengthens by any process of interior 
enlargement, it is quite certain that marks 
upon its surface, or Jateral branches, would 
be carried upward as growth went on. A 
branch projecting at a given height from 
the ground would, later, become more ele- 
vated.” He cited an instance of an oak- 
tree near Miller’s Place, in Suffolk County, 
L. L., which is evidently over a century old, 
from which projects an enormous branch 
at a height of seven feet from the ground, 
This branch is thirty feet in length, two- 
thirds that of the tree, and is just one-balf 
the circumference of the trunk (whieh is 84 
feet) where it issues. It is nearly horizon- 
tal, the inclination, which is wpward, being 
At a distance of four feet from 
the tree, it rests upon a bowlder of great 
size, and spreads to a width of five feet; 
but the branch, in its under side, projects 


branch then rests on the rock about five 
feet, and from this point of support rises to 
its terminus. It is considered entirely cer- 
tain that the braneh began its growth when 
the tree was very small, and its growth has 
been contemporaneous with that of the 
trunk. 

The under half of the branch, as re- 
marked, is direetly against the face of the 
rock, and could not have increased in 
length. The branch issued at about seven 
feet elevation, and this distance has not 
been increased, else, at its junetion with 
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the trunk, it would have been earried up, 
which has not oceurred, This is believed 
by Mr, Lewis to be conclusively shown in 
the position of the branch in respect to the 
rock, which surely has not changed its po- 
sition; the weight of the rock, above the 
surface, being probably thirty tons. It is 
safe to conclude that the branch in ques- 
tion has rested on the rock, in its present 
position, at least a hundred years, during 
which time the trunk of the tree has in- 
ereased in length fifty feet. 


NOTES. 


Pror, Marsn reached his home in New 
Haven, December 12th, after an absence of 
abont two months in the West. The results 
of his “scientifie raid” to the Bad Lands, 
near the Blaek Hills, were very satisfactory. 
Nearly two tons of fossil bones were eol- 
lected, most of them rare specimens, and 
many unknown to science. There were 
several species of gigantic Brontotheride, 
nearly as large as elephants. At one place 
the bones were heaped together in such 
numbers as to indicate that a herd of the 
animals had been swept into a lake by a 
great freshet. The whole collection goes 
to the Peabody Museum of Yale College. 
A military eseort, provided by General Ord, 
shared with Prof. Marsh the honors and the 
perils of the brief but brilliant campaign. 


Pror. Siuon Newcoms, of the Wash- 


ington Observatory, has gone to Europe to | 


examine the different kinds of flint and 
crown glass made for optical purposes by 
the best manufacturers abroad, Tlis trip 
is in the interest of the Lick Observatory 
of California, the trustees of that institution 
wishing to employ the best maker for the 
founding of the glass. 


Ir is announced that the Phyllorera has 
made its appearance in Switzerland, and the 
delegates of the vine-growing cantons are 
considering the best means of preventing 
its extension. The voleanie soil around 
Vesuvius is said to be an antidote to the 
potato-fungus, and to be of great value in 
the treatment of Phylloxera. 


Mr. JosepH Wittcox, of the Philadel- 
phia Aeademy of Seiences, has diseovered 
in North Carolina a number of burial-places 
where the bodies had been placed with the 
face up, and covered with a coating of plas- 
tie clay. A pile of wood was then placed 
on top and fired, which consumed the body 
and baked the elay, which retained the 
form of the body. This was then lightly 
covered with earth. 
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Tnz supposed fossil remains of land- 
plants, found by Mr, Lesquereux jn the up- 
per portion of the Cincinnati group (Lower 
Silurian Roeks), near Lebanon, Ohio, are 
described by Prof. J. 8S. Newberry, in Sil/i- 
man’s Journal. These fossils are to be re- 
ferred, according to Mr. Lesquereux, to the 
Sigillaric, but Prof. Newberry shows that 
they do not possess the characters which 
belong to land-plants, and that in all proba- 
bility they are nothing but easts of the 
stems of fucoids. 


Pror. Atrrep M. Maver, of the Stevens 
Institute, has shown, by a series of new 
and very ingevious experiments, the truth 
of Prof. Henry’s inference that the discharge 
ofa Leyden jar is multiple and oseillatory 
in its nature. Other physicists had already 
established this point, but it remained for 
Prof. Mayer to trace the oscillations and to 
determine the number of partial discharges 
per second, Jn one of his experiments he 
found the average interval between the par- 
tial discharges to be ggyg of a seeond, 


A TUNNEL, very nearly one mile in length, 
has been bored through Musconetcong 
Mountain, N. J., on the line of the Easton 
& Perth Amboy Railroad, With the ex. 
eeption of the Hoosae, this is the longest 
tunnel east of the Mississippi. The engi- 
neering-work on this tunnel was singularly 
aecurate, the error in line being only half 
an inch, in levels one-fifth of an inch, in 
chaining or measurement six inches. 


THE elimate of Minnesota has been rec- 
ommended as very favorable to eonsump- 
tives, on the ground that the air of that 
region is exceptionally dry. But, from the 
Monthly Weather Review of the Signal-Office, 
for November last, it appears that Minne- 
sota shows the greatest relative humidity 
of allthe regions there named. Thus, the 
relative humidity for New England was .69, 
middle Atlantie States .66, lake region .€9, 
Minnesota .77. 


THE Caen Aeademy of Science offers a 
prize of 4,000 franes for the best essay on 
the “Function of Leaves in the Vegetation 
of Plants.” The Academy does not want 
simply an exposition of the present state of 
science upon this question, but also exact 
experiments, performed by the eompetitors 
themselves, and new facts tending to throw 
light upon the present theories. The essays 
to be submitted before January 1, 1876. 


Pror. Lanpors reports to the Natural 
Ifistory Society ot Prussian Rhincland that 
ants have the power of produeing vocal 
sounds, thongh of a pitch inaudible to man. 
le has proved that they possess a sound- 
apparatus resembling that belonging to the 
sand-wasp. 


Dr. HENRY MAUDSLEY, 
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THE GENESIS OF SUPERSTITIONS. 
By HERBERT SPENCER. 


OMPREHENSION of the thoughts generated in the primitive 
man by his converse with the surrounding world can be had 
only by looking at the surrounding world froin his stand-point. The 
accumulated knowledge and the mental habits slowly acquired during 
education must be suppressed, and we must divest ourselves of con- 
ceptions which, partly by inheritance and partly by individual eult- 
ure, have been rendered necessary. None can do this completely, 
and few can do it even partially. 

It needs but to observe what unfit methods are adopted by educa- 
tors, to be convineed that even among the disciplined the power to 
frame thonghts which are widely unlike their own is extremely small. 
When we see the juvenile mind plied with generalities while it has 
yet none of the conerete facts to which they refer—when we see 
mathematics introduced under the purely rational form, instead of 
under that empirical form with which it should be commenced by the 
child, as it was commenced by the race—when we see a subject so ab- 
stract as grammar put among the first instead of among thie last, and 
see it taught analytically instead of synthetically ; we have ample 
evidence of the prevailing inability to conceive the ideas of 1nde- 
veloped minds. And,if, though they have been children themselves, 
men find it hard to rethink the thoughts of the child, still harder 
must they find it to rethink the thoughts of the savage. ‘To keep out 
automorphie interpretations is beyond our power. ‘To look at things 
with the eyes of absolute ignorance, and observe how their attributes 
and actions originally grouped themsels es in the mind, imply a self- 
suppression that is impracticable. 

Nevertheless, we must here do our best to conceive the surround- 
ing world as it appeared to the primitive man, that we may be able 

' From author’s advance sheets of the “ Principles of Sociology,” Part If, chapter 
viii. “ Primitive Ideas.” 
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the better to interpret deductively the evidence available for induc- 
tion, And, though we are incapable of reaching the conception by a 
direct process, we may make some approach to it by an indirect pro- 
cess. Guided by the doctrine of evolution in general, and by the 
more special doctrine of mental evolution, we may help ourselves to 
delineate primitive ideas in some of their leading traits. Taving ob- 
served @ prioré what must be the characters of those ideas, we shall 
be as far as possible prepared to realize them in imagination, and then 
to discern them as actually existing. 

We must set out with the postulate that primitive ideas are natu- 
ral, and, under the conditions in which they occur, rational. In early 
life we have been taught that human nature is everywhere the same. 
Led thus to contemplate the beliefs of savages as beliefs entertained 
by minds like our own, we marvel at their strangeness, and ascribe 
perversity to those who hold them. Casting aside this error, we must 
substitute for it the truth that the laws of thought are everywhere 
the same, and that, given the data as known to him, the inference 
drawn by the primitive man is the reasonable inferenee. 


In the sky, clear a few moments ago, the savage sces a fragment 
of cloud which grows while he gazes. At another time, watching one 
of these moving masses, he observes shreds of it drift away and 
vanish; and presently the whole disappears, What thought results 
in him? We knows nothing about precipitation and dissolution of 
vapor, nor has there been any one to stop his inquiry by the reply, 
“Tt is only a cloud.” The essential fact forced on his attention is that 
something he could not before see has become visible, and something 
just now visible has vanished. The whence, and the where, and the 
why, he cannot tell; but there is the fact. 

In this same space above him occur other changes. As day de- 
elines, bright points here and there show themselves, becoming clearer 
and more numerous as darkness inereases, and then at dawn they fade 
gradually, until not one is left. Differing from clouds utterly in size, 
form, color, ete., differing also as continually reappearing in somie- 
thing like the same places, in the same relative positions, and in moy- 
ing but very slowly always in the same way, they are yet like them 
in becoming now visible and now invisible. That feeble lights may be 
wholly obseured by a bright light, and that the stars are shining dur- 
ing the day though he does not see them, are facts beyond the imagi- 
nation of the savage. The truth, as he perceives it, is that these 
existences now show thentselves and uow are hidden. 

Differing greatly from clouds and stars in their behavior as the 
sun and moon do, they show, in common with them, this same alterna- 
tion of visibility with invisibility. The sun rises on the other side of 
the mountains; from time to time going behind a cloud, presently 
comes out again; and at length hides below the level of the sea. The 
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moon, besides doing the like, first increases slowly night after night, 
and then wanes, by-and-by reappearing as a thin bright streak, with 
the rest of her disk so faintly pereeptible as to seem only half existing. 

Added to these commonest and most regular occultations and 
manifestations, are various others, even more striking—comets, me- 
teors, and the aurora with its arch and pulsating streams; flashes of 
lightning, rainbows, halos. Differing from the rest and from one 
another as these do, they similarly appear and disappear. So that by 

a beng absolutely ignorant, but able to remember, and to group the 

things he remembers, the heavens must be regarded as a scene of 
arrivals and departures of many kinds of existences; some gradual, 
some sudden, but alike in this, that it is impossible to say whence the 
existences come or whither they go. 

Not the sky only, but also the earth’s surface, supplies various 
instances of these disappearances of things which have unaccountably 
appeared. Now the savage sees little pools of water formed by the 
rain-drops coming from a source he cannot reach; and now, in a few 
hours, the gathered liquid has made itself invisible. Here, again, is 
a fog; perhaps lymg isolated in the hollows, perhaps enwrapping 
every thing, which came a while since and presently goes without 
leaving a trace of its whereabouts. Afar off is perceived water—ob- 
viously a great lake; but on approaching it the seeming lake recedes, 
and cannot be found. In the desert, what we know as sand-whirl- 
winds, and on the sea what we know as water-spouts, are to the 
primitive man moying things which appear and then vanish. Looking 
out over the ocean, he recognizes an island known to be a long way 
off, and commonly invisible, but which has now risen out of the 
water; and to-morrow, just above the horizon, he observes an inverted 
figure of a boat, perhaps by itself, or perhaps joined to an erect figure 
above. In one place he sometimes perceives land-objects on the sur- 
face of the sea, or in the air over it—a fata morgana; and in 
another, over against him on the mist, there occasionally eomes into 
view a gigantic duplicate of himself—“a Broeken spectre.” These 
occurrences, some familiar and some unfamiliar, repeat the same ex- 
perience—show transitions between the visible and the invisible. 

Once more, let us ask what must be the original conception of 
wind. Consider the facts apart from hypothesis, and the implication 
which every breeze or gust carries with it is that of a power neither 
visible nor tangible. Nothing in early experiences yields the idea of 
air, as we are now familiar with it; and, indeed, probably most can 
recall the difficulty they once had in thinking of the surrounding 
medium as a material substance. The primitive man cannot regard it 
as a something which acts as do the things he sees and handles. Into 
this seemingly-empty space around, there from time to time comes an 
invisible agent which bends the trees, drives along the leaves, disturbs 
the water, and which he feels moving his hair, fanning his cheek, and 
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now and then pushing his body with a force he has some difficulty in 
overcoming. What may be the nature of this agent there is nothing 
to tell him; but ove thing is irresistibly thrust on his consciousness 
—that sounds can be made, things about him can be moved, and he 
himself can be buffeted, by an existence he can neither grasp nor see. 

What primitive ideas arise out of these experiences derived from 
the inorganic world? In the absence of hypothesis (which is foreign 
to thought in its earliest stages), what mental association do these 
multitudinous occurrences, some at long intervals, some daily, some 
hourly, some from minute to minute, tend to establish? They pre- 
sent, under many forms, the relation between a perceptible and an 
imperceptible mode of existence. In what way does the savage think 
of this relation? He cannot think of it in terms of dissipation into 
vapor and condensation from it, nor in terms of optical relations pro- 
ducing illusions, nor in any terms of physical science. How, then, 
does he formulate it? A clew to the answer will be furnished by re- 
calling certain remarks of young children, When an image from the 
magic lantern, thrown on a screen, suddenly disappears on withdrawal 
of the slide, or when the reflection from a looking-glass, vast for a 
child’s amusement on the wall or ceiling, is made to vanish by chang- 
ing the attitude of the glass, the child asks, “ Where is it gone to?” 
The notion arising in its mind is, not that this something no longer 
seen has become non-existent, but that it has become non-apparent ; 
and it is led to think this by daily observing persons disappear behind 
adjacent objects, by seeing things put away out of sight, and by now 
and again finding a toy that had been hidden or lost. Similarly, the 
primitive idea is, that these various existences now manifest them- 
selves and now conceal themselves. As the animal which he has 
wounded hides itself in the brushwood, and, if it cannot be found, is 
supposed by the savage to have cscaped in some incomprehensible 
way, but to be still existing, so, in the absence of accumulated and 
organized knowledge, the implication of all these experiences is that 
many of the things above and around pass often from visibility to in- 
visibility, and conversely. Bearing in mind how the actions of wind 
prove that there is an invisible form of existence which manifests 
power, we shall see this belief to be plausible. 

It remains only to be pointed out that along with this conception of 
a visible condition and an invisible condition, which each of these many 
things has, there comes the conception of duality. Each of them is in 
a sense double, since it has these two complementary modes of being. 


Significant facts of another order, from time to time disclosed, may 
next be noted—facts irresistibly impressing the primitive man with 
the belief that things are transmutable from one kind of substance 
to another. I refer to the facts forced on his attention by embedded 
remains of animals and plants. 
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While gathering food on the sea-shore, he finds, protruding from 
a rock, a shell which, if not of the same shape as the shells he picks 
up, is so similar that he naturally classes it with them. But, instead 
of being loose, it is part of a solid block; and, on breaking it off, he 
finds its inside as hard as its matrix. Here, then, are two kindred 
forms, one of which consists of shell and flesh, and the other of shell 
and stone. Near at hand, in the mass of clay débris detached from 
the adjacent cliff, he picks up a fossile ammonite. Perhaps, like the 
Gryphea just examined, it has a shelly coating with a stony inside. 
Perhaps, as happens with some liassic ammonites of which the shell 
has been dissolved away, leaving the masses of indurated clay that 
filled its chambers locked loosely together, it suggests a series of 
articulated vertebra coiled up; or, as with other liassic ammonites of 
which the shell has been replaced by iron pyrites, it has a glistening 
appearance like that of a snake’s skin. As such fossils are sometimes 
called “snake-stones,” and are in Ireland supposed to be the serpents 
St. Patrick banished, we cannot wonder if the uncritical savage, class- 
ing this object with those it most resembles, thinks it a transmuted 
snake—once fiesh and now stone. In another place, where a gully 
has been cut through sandstone by a stream, he observes on the sur- 
face of a slab the outline of a fish, and, looking closely, sees scales 
and the traces of fins; and elsewhere, similarly embedded in rock, he 
finds skulls and bones not unlike those of the animals he kills for 
food; some of them, indeed, not unlike those of men, 

Still more striking are the transmutations of plants occasionally 
discovered. J do not refer so much to the prints of leaves in shale, 
and the fossil stems found in strata accompanying coal; I refer, more 
especially, to the silicified trees here and there met with. Retaining, 
not their general forms only but their minute structures, so that the 
annual growths are marked by rings of color such as mark them in 
living stems, these yield the savage clear evidence of transmutation. 
With all our knowledge it remains difficult to understand how silica 
ean so replace the components of the wood as to preserve the appear- 
ance thus perfectly; and for the primitive man, knowing nothing of 
molecular action and unable to conceive a process of substitution, 
there is no possible thought but that the wood is changed into stone, 

Thus, if we ignore those conceptions of physical causation which 
have arisen only as experiences have been slowly organized during 
civilization, we shall see that in their absence there would be nothing 
to prevent us from putting on these facts the interpretations which 
the primitive man puts on them, Looking at the evidence through 
his eyes, we find his belief, that things change from one kind of sub- 
stance to another, to be the inevitable belief. 

And here let us not omit to note that along with the notion of 
transmutation is involved the notion of duality. These things have 
obviously two states of existence. 
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Much evidence forces on the primitive man the notion that things 
can change their forms as well as their substances. Did we not 
thoughtlessty assume that truths which culture has made obvious to 
us are naturally obvious, we should see that an unlimited belief in 
metamorphosis is one which the savage cannot avoid, From early 
childhood we hear remarks implying that certain transformations 
which living things undergo are matters of course, while other trans- 
formations are impossible. This distinction we suppose to have been 
manifest at the outset. But, at the outset, the observed metamorphoses 
suggest that any metamorphosis may occur. 

Consider the immense contrast in form as in substance between 
the seed and the plant. Look at this nut with hard brown shell and 
white kernel, and ask what basis there is for the expectation that from 
it will presently come a soft shoot and green leaves. When young 
we are told that the one grows into the other; and, the blank form of 
explanation being thus filled up, we cease to wonder and inquire. Yet, 
it needs but to consider what thought would have arisen had there 
been no one to give this mere verbal solution, to see that the thought 
would have been—transformation. Apart from hypothesis, the bare 
fact is that a thing having one size, shape, and color, becomes a thing 
having an utterly different size, shape, aud color. 

Similarly with the eggs of birds. But a few days since this nest 
contained four or five rounded, smooth, speckled bodies; and now in 
place of them are as many chicks gaping for food. We are brought 
wp to the idea that the eggs have been hatched; and with this sem- 
blance of interpretation we are content. This extreme change in 
visible and tangible characters being recognized as one constantly 
occurring in the order of Nature, is therefore regarded as not remark- 
able. Bunt to a mind occupied by no generalized experiences of its 
own or of others, there would seem nothing more strange in the pro- 
duction of chicks from nuts than in the production of chicks from 
eggs: a metamorphosis of the kind we think impossible would stand 
on the same footing as one which familiarity has made us think nat- 
ural, Indeed, on remembering that there still survives, or till lately 
survived, the popular belief that barnacle-geese arise from barnacles— 
on learning that, even in the early transactions of the Royal Society, 
there is a paper describing a barnaele as showing faint traces of the 
young bird it is about to produce—it will be seen that only by ad- 
vanced science has there been discriminated the natural organic trans- 
formations, from transformations which to ignorance seem just as likely. 

The insect-world yields instanecs of metamorphoses even more 
misleading. To a branch which shades the opening of his wigwam, 
the savage saw, a few days ago, a caterpillar hanging with its head 
downward, Now in the same place hangs a differently formed and 
colored thing —a chrysalis. In a week or two after there comes out 
a butterfly: leaving a thin, empty case. These insect-metamorphoses, 
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as we call them, which we now interpret as processes of evolution 
presenting certain definitely-marked stages, are, in the eyes of the 
primitive man, metamorphoses in the original sense. He accepts them 
as actual changes of one thing into another thing utterly different. 
How readily the savage confounds these metamorphoses which 
really occur with metamorphoses apparently like them but impossible, 
we shall perceive on considering a few cases of mimicry by insects, 
and the conclusions they lead to. Many caterpillars, beetles, moths, 
butterflies, simulate the objects by which they are commonly sur- 
rounded. The Onychocerus scorpio is so exactly like, “in color and 
rugosity,” to a piece of the bark of the particular trce it frequents, 
“that until it moves it is absolutely invisible: ” thus raising the idea 
that a piece of the bark itself has become alive. Another beetle, 
Onthophilus sulcatus, is “like the seed of an umbelliferous plant ;” 
another “ undistinguishable by the eye from the dung of caterpillars; ” 
some of the Casside “ resemble glittering dew-drops upon the leaves ;” 
and there is a weevil so colored and formed that, on rolling itself up, 
it becomes a mere oval brownish Inmp, which it is hopeless to look 
for among the similarly-colored little stones and earth pellets among 
which it lies motionless,” and out of which it emerges after its fright, 
as though a pebble had become animated. To these examples given 
by Mr. Wallace, may be added that of the “ walking-stick insects,” so 
called “ from their singular resemblance to twigs and branches.” 


“Some of these are a foot long and as thick as one’s finger, and their 
whole coloring, form, rugosity, and the arrangement of the head, legs, and an- 
tennsw, are such as to render them absolutely identical in appearace with dead 
sticks. They hang loosely about shrubs in the forest, and have the extraordi- 
nary habit of stretching out their legs unsymmetrically, so as to render the 
deception more complete.” 


What wonderful resemblances exist, and what illusions they may 
lead to, will be fully perceived by those who have seen, in Mr. Wal- 
lace’s collection of butterflies, the Indian genus Kellima, placed amid 
the objects it simulates. Habitually settling on branches bearing 
dead leaves, and closing its wings, it then resembles a dead leaf, not 
only in general shape, color, markings, but in so scating itself that 
the processes of the lower wings unite to form the representation of a 
foot-stalk. When it takes flight, the impression produced is that one 
of the leaves has changed into a butterfly. This impression is greatly 
strengthened when the ereature is canght. On the under side of the 
closed wings is still clearly marked the midrib, running right across 
them from foot-stalk to apex; and here, too, are lateral veins. Nay, 
this is not all, Mr. Wallace says: 

“We find representations of leaves in every stage of decay, variously 
blotched and mildewed and pierced with holes, and in many cases irregularly 
covered with powdery black dots gathered into patches and spots, so closely 
resembling the varions kinds of minute fungi that grow on dead leaves that it is 
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impossible to avoid thinking at first sight that the butterflies themselves have 
been attacked by real fungi.” 


On recalling the fact that, a few generations ago, all civilized 
people believed, as many civilized people believe still, that decaying 
meat is itself transformed into maggots, on being reminded that 
among our peasantry, at the present time, the thread-like aquatic 
worm Gordius is said to be horse-hair that has fallen into the water 
and become living, we shall see it to be inevitable that these extreme 
resemblances shonld suggest the notion of actual metamorphoses. 
That this notion, so snggested, becomes a belief, is a proved fact. In 
Java and neighboring regions inhabited by it, that marvelous insect, 
“the walking leaf,” is positively asserted to be a leaf that has become 
animated. What else should it be? In the absence of that explana- 
tion of mimicry so happily hit upon by Mr. Bates, no natural origin 
for such wonderful likenesses between things wholly nnallied ean be 
imagined. And, while there is no generalized knowledge, there is 
nothing to prevent acceptance of these apparent transformations as 
real transformations; indeed, apparent and real are not distinguished 
until criticism and skepticism have made some progress. 

Once established, the belief in transformation extends itself with- 
out resistance to other classes of things. Between an egg and a 
young bird, there is a far greater contrast in appearance and structure 
than between one mammal and another. The tadpole, with a tail and 
no limbs, differs from a young frog with four limbs and no tail, more 
than a man differs from a hyena; for both of these haye four limbs, 
and both laugh. Evidently, then, the natural metamorphoses so 
abundant throughout Nature, joined with these apparent metamor- 
phoses which the primitive man inevitably confounds with them, ori- 
ginate the conception of metamorphoses in general, which rises into 
an explanation everywhere employed without check. 

Here, again, we have to note that, while initiating and fostering the 
notion that things of all kinds may suddenly change their forms, the 
experiences of transformation confirm the notion of duality. Mach 
object is not only what it seems, but is potentially something else. 


What isa shadow? Familiar as mature life has made us with 
shadows, and almost automatic as has become the interpretation of 
them in terms of physical causation, we do not ask how they look to 
the absolutely ignorant. 

Those, from whose minds the thonghts of childhood have not wholly 
vanished, will remember the interest they once felt in watching their 
shadows—moving legs and arms and fingers, and observing how cor- 
responding parts of the shadows moved. By a ehild a shadow is 
thought of as an entity. Ido not assert this without evidenee, A 
memorandum made in 1858, in elucidation of the ideas described in 
the just-pnblished book of Williams on the Feejecans, concerns a little 
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girl of some seven, who did not know what a shadow was, and to 
whom I could give no conception of its true nature. 

On ignoring acquired ideas, we shall see this difficulty to be quite 
natural. A thing having outlines, and differing from surrounding 
thines in color, and especially a thing which moves, is, in other cases, 
areality. Why is not this areality? The conception of it, merely 
a negation of light, is a conception not to be framed until after the 
behavior of light isin some degree understood. It is true that the 
uncultured among ourselves, without clearly formulating the truth 
that light, proceeding in straight lines, necessarily leaves unlighted 
spaces behind opaque objects, nevertheless come to regard a shadow 
as naturally attending an object exposed to light, and as not being 
any thing real. But this is one of the countless cases in which inquiry 
is sect at rest by a verbal explanation, “It’s only a shadow,” is the 
answer given in early days; and this answer, repeatedly given, dead- 
ens wonder and stops further thought. 

But the primitive man, with no one to answer his questions, and 
without ideas of physical causation, necessarily concludes a shadow to 
be an actual existence, which belongs in some way to the person cast- 
ing it. He simply accepts the facts. Whenever the sun er moon is 
visible, he sees this attendant thing which rudely resembles him in 
shape, which moves when he moves, which now goes before him, now 
keeps by his side, now follows him, which lengthens and shortens as 
the ground inclines this way or that, and which distorts itself in 
strange ways as he passes by irregular surfaces. True he cannot see 
it in cloudy weather; but, in the absence of a physical interpretation, 
this simply proves that his attendant something comes out only on 
bright days and bright nights. It is true, also, that such resemblance 
as his shadow bears to him, and its approximate separateness from 
him, are shown only when he stands up: on crouching, it becomes 
indefinitely formed; and as he lies down it seems to disappear and 
partially merge into him. But this observation confirms his im- 
pression of its reality. This greater or less separateness of his 
own shadow reminds him of cases where a shadow is quite separ- 
ate. When watching a fish in the water on a fine day, he sees 
a dark, fish-shaped patch on the bottom at a considerable distance 
from the fish, but nevertheless following it hither and thither. Lift- 
ing up his eyes, he observes dark patches moving along the moun- 
tain-sides—patches which, whether traced or not to the clouds that 
cast them, are seen to be widely disconnected from objects. These facts 
show him that shadows, often so closely joined with their objects as to 
be hardly distinguishable from them, may become distinct and remote. 

Thus, by minds beginning to generalize, shadows must be con- 
ceived as existences appended to, but capable of separation from, ma- 
terial things. And that they are so conceived is abundantly proved. 
We find it stated by Bastian of the Benin negroes, that they regard 
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men’s shadows as their souls; and he also says of the Wanika that 
they are afraid of their own shadows: possibly thinking, as some other 
negroes do, that their shadows watch all their actions, and bear 
witness against them. Among the Greenlanders, according to Crantz, 
aman’s shadow is one of his two sonls—the one which goes away from 
his body at night. Among the Fecjecans, too, the shadow is called 
“the dark spirit,” as distinguished from another which each man pos- 
sesses, And the community of meaning, hereafter to be noted more 
fully, which various unallied languages betray between shade and 
spirit, shows us the same thing. 

These illustrations of the truth that a shadow is originally re- 
garded as an appended entity suggest more than I here wish to show, 
The ideas of the uncivilized, as we now find them, have developed 
from their first vague forms into forms having more coherence and 
detiniteness. We must neglect the special characters of these ideas, 
and consider only that most general character with which they began. 
This proves to be the character we inferred above. Shadows are re- 
alities which, always intangible and often invisible, nevertheless sever- 
ally belong to their visible and tangible correlatives; and the facts 
they present furnish further materials both for the notion of apparent 
and unapparent states, and for the notion of a duality in things. 


Other phenomena, in some respects allied, yield these notions still 
more materials. I refer to reficctions. 

If the rnde resemblance in ontlines and movements which a shadow 
bears to the person casting it raises the idea of a second entity, much 
more must the exact resemblance of a reflection do this. Repeating 
all the details of form, of light and shade, of color, and mimicking 
even the grimaces of the original, this image cannot ut first be inter- 
preted otherwise than as an existence. Only by experiment is it as- 
certained that to the visual impressions there are not, in this case, 
those corresponding tactual impressions yielded by most other things. 
What results? Simply the notion of an existence which can be seen 
but not felt. Optical interpretation is impossible. That the image 
is formed by reflected rays, cannot he conceived while physical knowl- 
edge does not exist; and, in the absence of authoritative statement 
that the reflection is a mere appearance, it is inevitably taken for a 
reality—a reality in some way belonging to the person whose traits it 
simnlates and whose actions it mocks. 

Moreover, these duplicates seen in the water yield to the primi- 
tive man obvions verifications of certain other beliefs which surround- 
ing things suggest. Deep down in the clear pool, are there not clouds 
like those he sees above? The clouds above appear aud disappear. 
Has not the existence of these clouds below something to do with it ? 
At night, again, seeming as though far underneath the surface of the 
water, are stars as bright as those overhead. Are there, then, two 
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places for the stars ? and did those which disappeared during the day 
go below where the rest are? Once more, overhanging the pool is 
this dead tree, from which he breaks off branches for firewood. Is 
there not an image of it too? and the branch which he burns and which 
vanishes into nothing in burning—is there not some counection be- 
tween its invisible state and that image of it in the water which 
he conld not touch, any more than he can now touch the consumed 
branch ? 

That reflections thus generate a belief—confused and inconsistent 
it may be, but still a belief—that each individual has a duplicate, 
usually unseen, but which may be seen on going to the water-side and 
looking in,is not an @ priori inference only; there are facts verifying 
it. According to Williams, some Feejeeans “speak of man as having 
two spirits. Ilis shadow is called ‘the dark spirit, which, they say, 
goes to Hades. The other is his likeness reflected in water or a look- 
ing-glass, and is supposed to stay near the place in which a man dies.” 
This belief in two spirits is, indeed, the most consistent one. For are 
not a man’s shadow and his reflection separate? and are they not co- 
existent with one another and with himself? Can he not, standing 
at the water-side, observe that the reflection in the water and the 
shadow on the shore, simultancously move as he moves? Clearly, 
while both belong to him, the two are independent of him and of one 
another; for both may be absent together, and either may be present 
in the absence of the other. 

Early theories abont this duplicate are now beside the question, 
and must be ignored. We are concerned only with the fact that it is 
thought of as real. To the primitive mind, making first steps in the 
interpretation of the surrounding world, here is revealed another class 
of facts confirming the notion that existences have their visible and 
invisible states, and strengthening the implication of a duality in each 
existence. 


Let any one ask himself what would be his thought if, in a state 
of childlike ignorance, he were to pass some spot and to hear repeated 
a shout which he uttered, Would he not inevitably conclude that the 
answering shout came from another person? Sneceeding shouts sev- 
erally repeated with words and tones like his own, yet without visible 
source, would rouse the idea that this person was mocking him, and at 
the same time concealing himself. <A futile search in the wood or 
under the cliff wonld end in the conviction that the hiding person was 
very cunning: especially when joined to the fact that here, in the spot 
whence the answer before came, no answer was now given—obviously 
because it would disclose the mocker’s whereabouts. If at this same 
place, on subsequent occasions, this responsive shout from a source 
eluding search always came to any passer-by who called out, the re- 
sulting thought would be that in this place there dwelt one of these 
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invisible forms—a man who had passed into an invisible state, or who 
could become invisible when sought. 

Nothing approaching to the physical explanation of an echo can be 
framed by the uncivilized man. What does he know about the reflec- 
tion of sound-waves ?—what, indeed, is known about the reflection of 
sound-waves by the mass of our own people? Were it not that the 
spread of knowledge has modified the mode of thought throughout all 
classes, producing everywhere a readiness to accept what we call natu- 
ral interpretations, and to assume that there are natural interpretations 
to ocenrrences not comprehended, there would even now be an ex- 
planation of echoes as caused by unseen beings. 

That to the primitive mind they thus present themselves is shown 
by facts. Southey, writing of the Abipones, says that “what became 
of the Lokal” (spirit of the dead) ‘they knew not, but they fear it, and 
believe that the echo was its voice.” Concerning the Indians of Cu- 
mana (Central America), Herrera tells us that they “ believed the soul 
to be immortal, that it did eat and drink in a plain where it resided, 
and that the echo was its answer to him that spoke or called.” And, 
narrating his voyage down the Niger, Lander says that “from time 
to time, as we came to a turn in the creek, the captain of the canoc 
halloed to the fetich, and, where an echo was returned, half a glass of 
rum and a piece of yam and fish were thrown into the water. When 
asked why, he said, ‘Did you not hear the fetich ?’ ” 

Here, as before, I must ask the reader to ignore these special in- 
terpretations, acceptance of which forestalls the argument. Attention 
is now drawn to this evidence simply as confirming the inference that, 
in the absence of physical explanation, an echo is conceived as the 
voice of some one who avoids being seen. So that once more we have 
duality implied—of an invisible as well as a visible state. 

To a mind unfurnished with any ideas save those of its own gath- 
ering, surrounding Nature thus presents multitudinous cases of seem- 
ingly-arbitrary change—now slight and slow, now gradual and great, 
now sudden and extreme. In the sky and on the earth, things make 
their appearance and disappear; and there is nothing to show why 
they do so. Here on the surface and there deeply embedded in the 
ground are things that have been transmuted in substance—changed 
from flesh to stone, from wood to flint. Living bodies on all sides 
exemplify metamorphosis in ways marvelous enough to the instructed, 
aud to the primitive man quite incomprehensible. And this protean 
character which so many things around him exhibit, and which famil- 
iarize him with the notion that there are two or more interchangeable 
states of existence, is again impressed on him by such plienomena as 
shadows, reflections, and echoes. 

Did we not thoughtlessly accept as innate the conceptions slowly 
elaborated during civilization and acquired insensibly during our early 
days, we should at once see that these ideas which the primitive man 
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forms are inevitably formed. The laws of mental association necessi- 
tate these primitive notions of transmutation, of metamorphosis, of 
duality ; and, until experiences have been systematized, no limits or 
restraints are known. With the eyes of developed knowledge we look 
at the snow as a particular form of crystallized water, and at hail as 
drops of rain which congealed as they fell) When these become fluid 
we say they have thawed—thinking of the change as a physical effect of 
heat; and, similarly, when the hoar-frost fringing the sprays turns 
into hanging drops, or when the surface of the pool solidifies and 
again liqneties. But, looked at with the eyes of absolute ignorance, 
these are transmutations of substance—passings from one kind of’ ex- 
istence into another kind of existence. And in like ways are neces- 
sarily conceived all the changes above enumerated. 

Let us now ask what happens in the primitive mind when there has 
been acenmulated this heterogeneous assemblage of crude ideas, hav- 
ing, amid their differences, certain resemblances. In conformity with 
the law of evolution, every aggregate tends to integrate, and to differ- 
entiate while it integrates. The aggregate of primitive ideas must do 
this. After what manner will it do it? At the ontset, these multi- 
tudinous vague notions form a loose mass without order. They slowly 
segregate, like cohering with like, and so forming indefinitel y-marked 
groups. When these groups begin to form a consolidated whole, con- 
stituting a general conception of the way in which things at large go 
on, they must do it in the same way: such coherence of the groups as 
arises must be due to some likeness among the members of all the 
groups. We have seen that there is such a likeness—this common 
trait of duality joined with this aptitude for passing from one mode 
of existence to another. 

Integration must commence by the recognition of some conspicnous 
typical case. It is a truth perpetually illustrated, that accumulated 
facts lying in disorder begin to assume some order if an hypothesis is 
thrown among them. When into a chaos of detached observations is 
introduced an observation akin to them in which a causal relation is 
discernible, tt forthwith commences assimilating to itself from this 
heap of observations those which are congruous, and tends even to 
coerce into nnion those of which the congrnity is not manifest. One 
may say that as the protoplasm forming an unfertilized germ remains 
inert until the matter of a sperm-cell is joined with it, but begins to 
organize when this addition is made, so a loose aggregate of observa- 
tions continues unsystematized in the absence of an hypothesis, but 
under the stimulus of an hypothesis undergoes changes bringing abont 
a coherent systematic doctrine. What particular example, then, of 
this prevalent duality plays the part of an organizing principle to the 
aggregate of primitive ideas? We must not look for an hypothesis 
properly so called: an hypothesis is an implement of inquiry not to be 
framed by the primitive mind. We must look for some experience in 
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which this duality is forcibly thrust on the attention. As a conscious- 
ly-held hypothesis is habitually based on some obtrusive instance of a 
relation, which other instances are suspected to be like, so the par- 
ticular primitive notion which is to serve as an unconscious hypothe- 
sis, setting up organization in this aggregate of primitive notions, must 
be one conspicuously exemplifying their common trait. 

First identifying this typical notion, we shall afterward have to 
enter on a survey of the genera] conceptions which result. It will be 
needful to pursue varions lines of inquiry and exposition not mani- 
festly relevant to our subject ; and it will also be needful to consider 
the meaning of much evidence furnished by men who have advanced 
beyond the savage state. But this discursive treatment is unayoid- 
able. Until we can figure to ourselves with approximate truth the 
primitive system of thought, we cannot fully understand primitive 
conduet ; and, rightly to conceive the primitive system of thought, we 
must compare the systems found in many socicties, helping ourselves, 
by observing its developed forms, to verify our conclusions respect-_ 
ing its undeveloped form. 


CHAMELEONS—THEIR HABITS AND COLOR-CHANGES. 
By J. FITZGERALD, A.M. 


N consequence of the incredible stories anciently told of the cha- 

- meleon, one is hardly disposed to regard that animal as a reality; 
it appears to find its proper place in mythology rather than in natural 
history—among fabled dragons, centaurs, and griffins, rather than 
among the actualities of the animal kingdom. The chameleon, how- 
ever, has a real existence; and, after fiction and fable are brushed 
aside, a very curious creature indeed remains. It belongs to the Sau- 
rian order (lizards). The genus Chamceleo embraces about twenty 
species, none of them American. With one exception, the common 
chameleon, which is naturalized in Southern Spain and in Sicily, these 
animals are found only in the warmer parts of Africa and Asia, The 
chameleon is from ten to fifteen Inches in length, whereof one-half is 
represented by the prehensile tail. The body is ronghly pyramidal 
in shape; the skin is covered with papillous elevations instead of 
scales, and these, in some of the species, assume the shape of spiny 
processes along the ridge of the back and the median line of the 
chest and belly. The toes, five in number, are divided into two op- 
posable sets of two and three, the toes of each set being webbed down 
to the claws, whieh are long and sharp. The head is angular, rising 
into a pyramidal oeciput. The eycball is very large, protruding, 
covered with a single lid, whieh has a minute aperture in the centre 
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for the very small pupil. There is no external ear, The tongue is 
extensible to the length of half the total length of the animal, that is, 
from five to seyen inches. The lungs are large, and connect with air- 
cells underlying the skin. The neck is so short as to prevent the head 
being turned from side to side. Though the chameleon is arboreal in 
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its habits, it is very slow in its movements. It is unprovided with 
any weapons of defense against its enemies, The female lays about 
thirty eggs, which are deposited in a hollow in the ground, and coy- 
ered witb loose earth. 

The immobility of the chameleon distinguishes it markedly from 


the rest of the lizard tribe, which are generally active and quick in 
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their movements. Alfred Brehm, who reeeived as a present from the 
African explorer, Schweinfurth, a number of these antmals, states that 
the chameleon never moves at all except from necessity 3 it will remain 
im one position on a branch or twig for honrs at a time, firmly grasp- 
ing with tail and paws the object on which it is perched. The cyes, 
on the contrary, are nearly always in motion. The chameleons sent 
to Brehm reached their destination in indifferent condition, the skin 
dry and flabby, and the animals utterly apathetic. Water having 
been showered upon them in fine spray, they began to recover, and to 
lick the drops from one another’s backs; their skin assumed a better 
color, and soon they were clambering up and down the branches which 
stood in their cage, and even engaging in combat. In their battles 
they use their teeth, but without doing serious injury; and they have 
a curious way of solemnly lashing one another with their tails. But 
such activity as this is exceptional in the chameleon: it is to be seen 
especially in the pairing season. When preying on winged insects, 
the chameleon is seen occasionally to protrude the knobbed end of his 
tongue, and in an instant that member is shot forth and again retracted, 
bearing the prey into the captor’s mouth. The extremity of the tongue 
exudes a sticky substance on which the prey is caught. When flies 
and other winged insects are not to be had, the chameleon’s swivel-eyes 
scan the trunk of the tree, and the branches above, below, and on all 
sides around, to see if any ereeping thing may be caught. If any such 
creature is approaching the spot where the chameleon is lying, he waits 
till it comes within striking distance, and then “ discharges ” his tongue 
at it. But, if the creature is traveling away from him, he pursues, 
though with grave deliberation. Ifthe prey comes very near to his 
muzzle, the chameleon retreats a little, to increase the distance, and 
then darts out his tongue. In performing this act, the chameleon dis- 
plays very great activity ; otherwise, all his movements are the reverse 
of precipitate. Thus, if he would change from his normal position of 
absolute quietude—his belly resting on an horizontal branch, which he 
grasps as firmly as he can with all five hands (for his tail is a fifth 
hand)—he first advances one of the fore-paws one step; then the tail is 
relaxed, advanced an equal distance, and again coiled tight ; next the 
other feet are advanced a step, one after another; and soon. It is 
not easy to recognize the propriety of the name ditéle lion (chamuelon) 
given to this reptilian tardigrade by the ancient Greeks. And the 
animal is as harmless as it is slow of movement, though the ancients 
supposed that in the dog-days it assumes some of the lion’s ferocity. 
The large, projecting eyeballs of the chameleon are capable of a 
great variety of movements; and, what is very curious, each of them 
may, and usually does, act independently of the other. This cirewm- 
stance compensates for the fixedness of the head, enabling the animal 
to direct its glances on all sides, without the necessity of calling into 
play any muscles save those of the eyeball. Still, when about to strike, 
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the chameleon brings both of its eyes to bear upon the object. “ Not- 
withstanding,” says Weissenbaum, “the strictly symmetrical con- 
struction of the chameleon as to its two halves, the eyes move inde- 
pendently of each other, and convey different impressions to the 
ditferent centres of perception: the consequence is that, when the ani- 
nal is agitated, its movemeuts appear like those of two animals glued 
together. Each half wishes to move its own way, and there is no 
concert of action. The chameleon, therefore, is not able to swim like 
other animals ; it is so frightened when put into water that the faculty 
of concentration is lost, and it tumbles about as if in a state of intoxt- 
eation. Nay, more, the chameleon may be asleep on one side and 
awake on the other.” 

The chameleon is often scen to inhale air, gulp after gulp, with 
great avidity, thus inflating its body enormously, even to the feet and 
tail, As has been already stated, the animal’s lungs are very large— 
so large, indeed, that it was supposed by Pliny (who simply trauscribes 
the accounts given by Greek authors) that the lungs almost filled the 
entire eavity of the body; these lungs connect with the air-cells be- 
neath the skin. By taking air into the lungs, whence it passes mto 
the air-cells, the chameleon is able to inflate itself to as much as twice 
its ordinary size; and often it remains so inflated for a long time, 
now slightly collapsing, again swelling ont, till the skin beeomes as 
tense as the head of adrum, No doubt it was this power of self-infla- 
tion which led the ancients to suppose that, “ alone among animals, 
the chameleon neither eats nor drinks, its only sustenance being air.” 
—(Pliny.) 

But the color-changes of the chameleon form perhaps the most in- 
teresting phenomenon connected with this animal. We need not 
repeat the fabulous stories told about these color-changes: the facts 
which can be strietly verified by direct observation are wonderful 
enough without the adornments of imagination. These changes of 
color range from whity-yellow, through yellow, bright and dark green, 
to dull black; and these diversities of coloration may affect the entire 
surface of the animal, or one or other of its sides, or may appear only 
in spots, When the chameleon is asleep, and not exposed to the 
direct rays of the sun, its color is a whity-yellow; when basking in 
the sun, it isa dingy black or dusky brown. On being aroused from 
sleep, the side which is first awakened assumes a darker shade, There 
is reason for believing that sunlight, apart from the warmth which 
accompanies it, is very grateful to the chameleon, and, in response to 
this stimulus, he at once begins his play of color. M. Paul Bert, a 
French savant, whose name is familiar to the readers of Tims Porviar 
Science Monruiy, has for some time been engaged in studying the 
anatomy and mechanism of these phenomena. Lis researches are not 
yet completed, but we may state some of the facts which he has estab- 
lished. 
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In the skin of the chameleon he finds a elose net-work of minute 
ducts, connecting with pigment-vesicles situated on its under surface. 
When the coloring-liquid is all retained in these vesicles, the animal’s 
skin appears yellowish, that being the color of the semi-transparent 
epidermis, When the liquid is injected into the ducts, the color of 
the animal changes, the tint depending on the degree of tension in 
the ducts. Ifa nerve be cut, the region of the chumeleon’s body to 
hich that nerve was distributed becomes at once a deep black, and 
no more color-changes occur over that area. Ifa piece of the skin be 
placed under a microseope, it will appear black. Pass a current of 
electricity through it, and there will be seen white vacuoles, which 
coalesce into irregularly-shaped masses, and these in turn break up 
into minute vacuoles again, leaving the field of a greenish color. Stop 
the current, and the reverse order of phenomena appears. M. Bert 
finds that the effect of curare on the chameleon is to give it a very 
dark color, while chloroform, on the contrary, lightens the tmt; but 
when given in quantity sufficient to destroy the animal’s life, chloro- 
form darkens the color. Bert is disposed to believe that the chame- 
leon possesses a special set of “color-nerves” distinct from the motor 
and sensory systems, and that these nerves are under the control of 
the will. 


THE ENGLISH OBSERVATORIES. 


TRANSLATED FROM THE FRENCH, BY EMMA M, CONVERSE, 


eee English Astronomer Royal has in his possession a very cu- 
rious collection of papers, including letters that bave been ad- 
dressed to him by persons of every condition, in which they ask his 
price for casting a horoscope. In spite of such simplicity, England is 
one of the countries where the taste for practical astronomy is very 
widely diffused, and also the one where the greatest number of public 
and private observatories is found, Establishments of the last cate- 
gory abound in the United Kingdom, and attest by their number and 
importance the popularity of the most sublime of the sciences, There 
are at the present time forty observatories in the British Isles, and fif- 
teen in the English colonies; this is a quarter of the total number that 
is found in the whole globe, for there are in Europe something like a 
hundred and twenty establishments meriting this name, and about 
two hundred in the entire world, 

‘The Royal Observatory of Greenwich takes the lead, for its past 
labors ag well as for its present position, over the other establishments 
of the same kind possessed by the English, It was founded in 1675, 
three years after the Observatory of Paris, Charles II. chose a locali- 
ty for the edifice on a hill commanding the Thames and the passage 
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of vessels, so that his astronomers would be able, by the study of the 
movements of the heavens, to direct the distant courses of ships over 
the surface of the sea. The interest of the marine was in reality the 
controlling motive that determined the foundation of this establish- 
ment. The ordinance of 1673 decrees that “the astronomer royal 
shall devote his time to rectifying the tables of celestial bodies and 
the positions of the fixed stars in order to obtain the means of finding 
the longitude at sea.” To indicate in a precise manner the position 
of the stars, to predict with certainty the course of the moon in rela- 
tion to these fixed data, is the great work reserved for sedentary as- 
tronomy in the progressive improvement of the art of navigation. 
The heavens constitute, as it were, a revolving dial-plate, on which the 
moon, making her way from star to star, marks for the navigator the 
absolute time, the time at Greenwich, while the height of the sun 
above the horizon furnishes the time of the place where he chances to 
he, and it is by comparison that he finds out his longitude, that is, the 
meridian under which he is passing. The regular and long-continued 
observation of the fixed stars, sun and moon, was then traditional in 
this illustrious establishment of Greenwich, which has had for directors 
such astronomers as Flamsteed, Halley, Bradley, Maskelyne, Pond, 
and George-Biddell Airy, who has been director since 1835, It is 
there that the first foundation of modern astronomy has been laid, 
that is to say, the astronomy of precision, Far from seeking an easily- 
obtained glory in the discoveries, more brilliant than really important, 
that strike the mind of the crowd, the Greenwich astronomers haye in- 
variably applied themselves to the laborious investigation of those 
minutiz upon which the edifice of science reposes, and where often the 
trace of great unknown laws is revealed. 

Flamsteed, the first director, made all his observations by the aid 
of a sextant anda mural arc, which were his own private property; the 
first reports were printed without his consent, and were so imperfect 
that he burned all of the first edition that had not been distributed, in 
order to have a new one made under his own inspection, and at his 
own expense. His successor, Halley, found the building stripped of 
all the apparatus; the heirs of Flamsteed had carried away every 
thing. This was perhaps a piece of good fortune for science, as Hal- 
ley was obliged to procure new instruments, and in 1721 he caused a 
transit instrument to be constructed, This became the prime mover 
in astronomical researches, and the observations that Bradley made 
with its aid are the points of departure for our catalogues of the stars, 
for they permit us to appreciate with certainty the changes that have 
been brought about by time in the relative situation of the fixed stars, 
and consequently to reduce the observations of each day to a given 
epoch. 

When Bradley was called, in 1742, to the direction of the Greenwich 
Observatory, he was already celebrated by discoveries of the first order, 
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and known as an accomplished observer, It has always been thus; 
the scientific men who have been successively placed at the head of 
this establishment were, at the time of their nomination, perfectly 
familiar with the rontine of their profession, They have all in hike 
manner devoted themselves with special zeal to the improvement of 
instruments, and to the perfection of methods; the result has been 
that happy stability in principles, that continuity in labors, which is 
the first condition for the success of researches destined to reveal to 
us the slow variations that are going on in the system of the world. 

Greenwich is so much the more free to concentrate all its efforts 
upon the astronomy of precision, as nmmerons observatories around it, 
erected by opulent universities, or due to the enlightened initiative of 
some rich proprietors and the great merchants of the city, share the 
labors that the central establishment leaves out of its programme. 
Oxford possesses an important observatory, founded in 1771, by the 
aid of a legacy of Dr. Radcliffe, now under the direction of the Rev. 
Robert Main, and the university has decided to found a second one, 
Cambridge has the Trinity Observatory, that Mr. Airy directed from 
1827 to 1835, and which is now intrusted to Mr, Adams ; the University 
of Durham possesses also a very well-organized observatory, founded 
by the city thirty years since, 

The observatory of Liverpool was created specially for the study 
of marine chronometers. There,the numerous ships that enter the port 
of the Mersey can have their timepieces regnlated. The “chronometri- 
cal chamber” is a vast sweating-room, warmed by steam; each of the 
hundred marine-watches that the observatory can study at the same 
time is inclosed in a glass case, in which the air is still heated by a 
gas-burner, supplied with a regulator, in order to be able to carry the 
temperature snecessively from 10° to 18° and to 27° Centigrade. 
After having tried in this chamber the chronometers that have been 
intrusted to him by the marine, the observer returns them with the 
table of their movements. 

The Edinburgh Observatory was built in 1818, on Calton Hill, 
situated northeast of the city, where there has been in existence since 
the last century an old tower destined for observations of all kinds. 
The foundation of this establishment was dne in the beginning to an 
astronomical society, organized for this purpose in the ancient capital 
of Scotland; but, not being able to pay for the instruments ordered, 
nor to appoint astronomers, it was decided in 1834 to yield the obser- 

-atory to the Government. The first “astronomer royal for Scotland,” 
charged with the direction of the Edinburgh Observatory, was Ilen- 
derson, who returned there from the Cape of Good Hope, His sneces- 
sor, Mr, Piazzi Smyth, has established on Calton Hill a time-gun, a 
cannon of twenty pounds, which, fired by means of an eleetrie current 
at one o’elock in the afternoon, signals the time to the mariners, and 
gives them the means of regulating their chronometers, For some 
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years, the sigual was given by a time-ball, as at Greenwich, Glasgow, 
and elsewhere ; this is a great ball suspended from an elevated stand- 
ard, aud made to fall at a precise moment by means of electrical 
mechanism. Uufortunately, the Edinburgh Observatory is a victim 
to the centralizing tendencies that rule now in England; its budget is 
very much redueed, and it is hardly permitted to vegetate. The 
toyal Observatory of Dublin, founded in 1774, aud now under the 
direction of Mr. Brannow, Astronomer Royal for Ireland, is not iu 
much better condition, On the contrary, the observatory of the Uni- 
versity of Glasgow, and the Ecclesiastical Observatory of Armagh, 
founded by the Irish primate, are well operated, and render real 
service, 

The celebrated establishnent of Kew, which depends at the same 
time upon the British Association for the Advancement of Science, and 
upon the Royal Society of London, is the central meteorological ob- 
servatory of England; new apparatus aud new methods are studied 
there; besides, astronomy, so called, inereases its resonrees by the 
application of photography to the study of celestial phenomena, Mr. 
Warren de La Rue has here inangurated his process of solar observa- 
tion by the aid of photoheliography, the first decisive step in the emi- 
nently fruitful path, the earliest idea of which is due to two French 
scientists, MM. Fizean and Léon Foucault. 

Mr. Warren de La Rue, who very recently presided over the Astro- 
nomical Society of London, is the largest paper-manufacturer in Eng- 
land, and a noteworthy improvement in photographic paper is due 
tohim. He had since 1852 a small observatory at his house in Can- 
onbury, at London, where he undertook his first essays in celestial 
photography. Five years later, he transported it to the village of 
Cranford, at the west of London, and since then he has divided his 
Ivisure time between this residence, where he studied the moon, and 
Kew, where solar investigations were carried on under his direction. 
At thesame time, he has given his attention to the improvement of 
optical instruments. He made himself the mirror of a telescope that 
he used in most of his observations. But these labors injured his eye- 
sight, and, despairing of being able any longer to make observations 
himself, he has presented his magnificent collection of instruments to 
the University of Oxford. 

Rich merehants and opulent manufacturers have done themselves 
honor in founding a series of small observatories, that by their useful 
labors have assisted the progress of science. That of Mr. Bishop, for 
instance, erected at first ucar Regent’s Park, then transported to 
Twickenham, where Messrs. Hind and Pogson discovered so many 
asteroids; that of Mr. Barelay, the brewer, at Leyton, near London ; 
that of Mr. Lassell, near Liverpool, Like the elder Herschel and Lord 
Rosse, Mr, Lassell made with his own hands the mirrors of his tele- 
scopes, by whose aid he discovered the satellites of Neptune, Saturn, 
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and Uranus, The last telescope of his construction had four feet of 
aperture, and was thirty-seven fect long. The impnre atmosphere of 
a mannfacturing centre like Liverpool prevented the utilization of the 
whole power of an instrnment of sneh dimensions, Mr. Lassell re- 
solved to transport it to Malta, where he had already installed, ten 
years before, a telescope of twenty fect. From 1862 to 1865 the new 
telescope was constantly turned toward the sky, and employed in seru- 
tinizing its depths. Mr. Lassell discovered more than 600 new neb- 
ule, whose feeble light, under the humid sky of the North, had escaped 
the investigations of William Herschel and Lord Rosse. Mr. Lassell 
is now occupied in the publication of the numerous materials gathered 
during his two sojourns at Malta. ; 

What an example and what instruction may be found in the long 
career of William Herschel, who passed half a century in sounding 
the mysterious depths of the universe! The son of a poor mnsician— 
burdened with a numerons family—he embraced the paternal pro- 
fession, and went, when twenty years old, to try his fortune in England. 
IIe barely earned a living by giving music-lessons and directing con- 
certs or oratorios, when he was appointed organist at Talifax, then 
soon after filled the same office in Bath. He passed his leisure time in 
studying works on astronomy. As he was not rich enough to pur- 
chase a telescope, he went to work, and, after a thousand attempts, 
succeeded in making, in 1774, a five-foot reflector, with which he ob- 
served Saturn’s ring. Enconraged by this first success, the organist 
of Bath entered upon the construction of mirrors of seven fect, then 
ten, and twenty fect of foens. IIe made more than 200 before attain- 
ing the desired perfection, and the total number of mirrors that he 
worked upon in succession exceeded 400, Jn 1781 he had the good 
fortune to discover the planet Uranus, which extended the boundary of 
the solar system. He was then forty-three years old. This discovery 
drew npon him the attention of Europe ; George HI. granted him a pen- 
gion and a dwelling at Slough, near Windsor Castle. He then com- 
meneed that methodical review of the heavens, by means of which he 
discovered more than 2,000 nebulz, and suggested so many new views of 
the universe. The greatest part of his labor was executed with Instru- 
ments of moderate dimensions ; he rarely used the great telescope of 
forty feet, the mirror of which was easily tarnished by the action of 
the moisture of the night; he used it, however, i the discovery of the 
sixth satellite of Saturn, William Herschel died in 1822; the year be- 
fore his death, at the age of cighty-three, he communicated his last paper 
to the Astronomical Society of London, which, since its foundation, had 
chosen him for president. In all his researches he was assisted by lis 
sister Caroline, who had lived with him ever since she was twenty-two 
years old, and who aided him in his observations as well as in his ealeula- 
tions. In this way he was able to astonish the scientific world by the 
rapidity with which his publications succeeded each other. Caroline 
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Hferschel died at Hanover, her uative city, in 1849, at the age of 
ninety-eight. Sir Joln Herschel, the only son of the great astronomer, 
worthily continued these illustrious traditions. He resumed and com- 
pleted the exploration of the heavens commenced by his father, at first 
at Sloagh, then at the Cape of Good Hope, where he transported a 
telescope of twenty feet. He died in 1871, after having contributed, 
by labors of the highest order, to the progress of science. One of his 
sons, Alexander Herschel, is equally devoted to astronomieal pursuits. 

The gigantic telescope of Lord Rosse, which was finished in 1845, 
the same year when the noble lord was clected representative peer of 
Treland, is fifty-five feet in length, and has six feet of aperture. The 
mirror weighs over four tous, the tube seven tons, and the total weight 
exceeds eleven tons, The Leviathan, as this giant telescope is called, 
is suspended between two stone walls at Birr Castle, the hereditary 
residence of Lord Rosse, in King’s County, Ireland. When, in 1826, 
the young Lord Oxmantown—the title that he then bore—turned his 
attention toward practical astronomy, there was no constructor capa- 
ble of furnishing instruments such as he desired. William Herschel 
had kept the secret of the alloy he used for his mirrors, and the pro- 
cess by which he constructed them. James Short, the greatest con- 
structor of the eighteenth century, so skillful in casting and polishing 
mirrors, had burned and destroyed before his death his whole stock 
of tools, in order to remain withont a rival. Every thing was then to 
be discovered anew, and it took Lord Rosse twenty years before he 
attained the construction of a mirror by means of which he could 
sound the depths of space and resolve into a mass of stars the most 
of the nebulx toward which he directed his gigantic instrument. All 
the nebule, however, are not resolvable; some of them are decidedly 
agglomerations of cosmical matter not yet condensed. Lord Rosse 
was the first to demonstrate that the great nebula of Orion, one of the 
finest in the heavens that belongs to the last category, has within 
few years changed its appearanee in consequence of the concentration 
of the matter of which it is formed. This celebrated observer died in 
1867; his son worthily continues the labors commenced by the father 
with such brilliant success. 

Lord Rosse preferred mirrors to objectives, on account of the difli- 
culty that attends the manufacture of objectives of large dimensions. 
But great improvements have since been made; Mr. Clark, an Ameri- 
can, constructed in 1862 a powerful instrument, with an object-glass 
of eighteen and a half inches of aperture. Messrs, Cooke & Son, cele- 
brated constructors of York, finished in 1868 an equatorial of twenty- 
five inches of aperture, and twenty-nine feet of focal length, The 
telescope of this gigantic apparatus is mounted on an iron column 350 
feet high, and weighs nearly ten tons. This equatorial was constructed 
for Mr, Newall, proprietor of the submarine cable-works at Gateshead, 
near Newcastle ; it is destined for the island of Madeira, where it will 
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be installed at the same time with a meridian cirele of very large 
dimensions. Under a sky of exceptional transparency these fine in- 
struments will serve for important researches in the hands of an 
experienced astronomer, Mr, Marth, the former assistant of Mr. 
Lassell. 

The question of the constitution of nebule entered upon a new 
phase by the appearance of spectrum analysis among the methods ap- 
plicable to the study of celestial bodies. Since 1869, Messrs. Huggins 
and Miller have concentrated all their efforts upon this department of 
research, They have discovered that the nnresolvable nebulw are 
masses of incandescent gas—they are suns in process of formation ; 
while the resolvable nebule are masses of solid matter, hosts of suns 
already formed. It has also been established by the aid of the spee- 
troscope that comets have a light of their own independent of that 
which comes from the sun, and is reflected by these wandering stars. 
These discoveries will give to the little observatory of Upper Tulse 
Ililt an honorable mention in the history of astronomy. 

On his side, Mr. Norman Lockyer, at Hampstead, devotes himself 
to the spectroscopic study of the sun, He sought for a long time 
to discover a process for observing in a regular manner the rosy pro- 
tuberanees on the solar border, which had thus far been seen only 
during total eclipses. Hoping that the spectroscope would betray the 
presence of the red flames on the contour of the star at ordinary times, 
Mr. Lockyer construeted an apparatus of several prisms, and in Octo- 
ber, 1868, succeeded in discovering the traces of a protuberance in the 
spectrum of the solar border. Two months previous, M. Janssen, a 
French astronomer, who went to India to observe the total eclipse of 
the 19th of August, was in possession of an analogous method for the 
study of protuberances, but the announcement of his discovery reached 
Europe on the very day when Mr. Lockyer announced his own to the 
scientific world. By enlarging the slit of the spectroscope, the red 
flames can be scen direetly, and the rapid changes followed. Astron- 
omers now draw them at any time. Two years since, Mr. Lockyer 
suecceded in producing artificial eclipses of the sun by the interposi- 
tion of a copper disk, which plays the dle of the moon in eclipses, and 
he thus obtained several drawings of the solar atmosphere with all its 
minute details. 

Mr. Carrington, at Redhill, has chosex another specialty ; he has 
devoted eight years to a long series of observations of solar spots, 
Which have led to remarkable conclusions relative to the constitution 
of the sun: the unequal velocity of rotation of the different regions of 
the solar globe wonld prove the existence of immense eurrents in the 
atmosphere of this star, The observatory of Mr, Isaac Fletcher, at 
Yarn-Bank, Cumberland, was created for the systematic study of dou- 
ble stars, a study which had also for many years oceupied the atten- 
tion of Admiral Smyth, at the observatory of Hartwell, where he was 
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installed by his friend Dr. Lee. During the last year, one of the rich 
proprietors of Scotland, Lord Lindsay, founded a splendid observatory 
at Don-Keht, for the study of Jupiter’s satellites, which Mr. Airy had 
recommended as the best means for obtaining a knowledge of the mass 
of that planet. At the same time that he installed his instruments, 
Lord Lindsay organized at great expense—estimated at $80,000—an 
expedition to observe at Mauritius the transit of Venus, which took 
place on the Sth of December, 1874. 

This division of labor into numerons specialties is very important 
for the progress of general science. “Then only,’ said Bacon, “ men 
will begin to know their strength—when no more all will wish to do 
the same thing, but the one this, and the other that.” The application 
of photography and spectroscopy to the study of celestial bodies by 
independent astronomers opens to physical astronomy an entirely 
new horizon, and promises to this braneh a most rapid development. 
At the same time, it is clear that private establishments cannot be re- 
Hed upon for the extended researches that demand the continuous 
labor of many generations of observers. The creation of a public ob- 
servatory, assured of a permanent existeuce, and exclusively devoted 
to researehes in physical astronomy, appeared then desirable and ex- 
pedient. This chasm has just been filled by the foundation of the Ox- 
ford Observatory, for the construction of which the senate of that 
powerful university voted last year considerable funds, and to which 
Mr. Warren de La Rue presented all his instruments, and especially his 
famous refleetor and his machine for working and polishing mirrors. 

The British Association for the Advancement of Science, and the 

toyal Astronomical Society have exerted a happy influence upon the 

development of the observatories as well as other English scientific in- 
stitutions, by creating a tie between learned men led by the saime aspi- 
rations, in provoking a generous emulation, and in stimulating private 
enterprise by great examples, By its monthly bulletin, the WWonthly 
Notices, the Astronomical Society assures to the useful efforts of ama- 
teurs that publicity which is the most powerful ineentive to a disin- 
terested devotion. 

The numerous and vast colonies that compose the British Empire 
have not remained, in this respect, behind the mother-country. British 
India possesses several observatories, of which the first was founded 
in 1819, at Madras, by the East India Company. In 1841, the 
King of Oude, still independent at that epoch, erected a rival estab- 
lishment at Lucknow, and installed there the astronomer Wilcox, 
with three native assistants. Eight years after, Wileox having dicd, 
the observatory was suppressed, the registers of observation were 
eaten by the white ants, and the instruments were destroyed during 
the war that ended by the annexation of Oude. The Rajah of Travan- 
core founded, on the Malabar coast, the observatory of Trevandérem, 
which has furnished specially good meteorological and magnetic ob- 
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servations. Finally, there exists at Madras a private observatory, be- 
longing to Mr. Burton Powell. 

The Cape of Good Hope was an astronomical station long before a 
permanent observatory was thought of. Jfrom 1751 to 1753 the 
celebrated Abbé de La Caille prepared his catalogue of the stars of the 
southeru heavens, at the same time that he measured a meridional are, 
and that he determined with Lalande, who had been sent to Berlin, 
the parallax of the moon, by means of a series of simultaneous observa- 
tions. ‘The immense labors accomplished by La Caille, in his short 
abode at the Cape, are so much the more worthy of praise as he had 
to struggle against a climate unfavorable for observation, for in this 
latitude there are only two months when the days are calm and serene; 
during the rest of the year the weather is variable, or a violent south 
wind fills the air with dust, and deprives it of its transparency. In 
spite of these inconveniences, the Cape is from its geographical situa- 
tion one of the best stations for the study of the southern heavens, 
withont taking into the account that the necessities of navigation de- 
mand the maintenance of an observatory in these regions. But it was 
not till 1820 that the English Admiralty decided upon the foundation 
of an observatory at the Cape, which should be construeted upon the 
model of that of Greenwich. The first director was the Rev. Fearon 
Fallows, who began regular observations in 1829; but, soon left alone 
by the departure of his assistant, he was obliged to avail himself of 
the assistance of his wife, who observed with the mural circle, while 
he made use of the transit instrument. Fallows died in 1831, and was 
suceeeded by Ifenderson, to whom Sir Thomas Maclear succeeded in 
1834. Better provided with instrnments and personnel than his pred- 
ecessor, Mr. Maclear resumed the geodesic operations of La Caille, 
and measured anew, with the superior means at his command, a 
meridian are more extended than the former. Ameng the other works 
of the establishment, noteworthy mention must be made of numerous 
cometic observations. Mr. Maclear resigned his office in 1870, and 
was replaced by a Greenwich astronomer, Mr. Stone. It should be 
mentioned here that, outside of the Royal Observatory, Sir John Ier- 
schel prepared, from 1833 to 1838, at the Cape of Good Hope, his 
celebrated catalogue of the nebulew and double stars of the southern 
heayens, by the aid of a telescope and an equatorial which he had 
brought with him, 

Since the abode of La Caille at the Cape, no serions attempt had 
been made to add to our knowledge of the southern half of the heay- 
ens, when, in 1821, Sir Thomas Brisbane, then governor of the colony 
of New South Wales, resolved to supply the want at his own expense. 
He founded three ebservatories, one at Makerstown, where Mr. Allen 
Brown, who has since beeome the astronomer of the Rajah of Tray- 
ancore, began a serics of meteorological and magnetic observations, 
the two others at Brisbane and at Paramatta near Sydney. Of the 
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last two, only that of Paramatta was utilized; the astronomers Rum- 
ker and Dunlop prepared there precious catalogues of stars mostly in- 
visible in our hemisphere. Abandoned after the death of Dunlop, this 
establishment was suppressed in 1855, and replaced by the observatory 
of Sydney, that the government of New South Wales caused to be 
constructed at its own expense to satisfy the eomplaints of the ma- 
riners, who found in these regions no means for regulating their chro- 
nometers. Already, two years before, the rapid increase of navigation 
between Europe and Australia in eousequenee of the discovery of the 
gold-mines had led the government of the colony of Victoria to found 
an observatory at Melbourne, which, under the intelligent direction of 
Mr. Ellery, quickly took rank among the most active establishments. 
Melbourne has possessed since 1870 a telescope of colossal dimensions. 
The tube and the mirror, which is four feet in diameter, weigh together 
nearly nine tons, and the eloekwork movement that regulates this im- 
mense machine is of sueh preeision that the wire of the micrometer 
follows a fixed star for more than an hour. <As a precantionary meas- 
ure, two four-feet mirrors were sent from London instead of one; un- 
fortunately, they were both injured in the passage, it was necessary to 
repolish them, and, in spite of the impatience and bad humor of the 
inhabitants of Melbourne, all the results promised from this great 
telescope have not yet been attained. Instruments of this kind are so 
much the more delicate as their dimensions are increased, and they 
demand long practice before being used with success, At present the 
greater part of the work of the Melbourne establishment is carried on 
with the ordinary implements of observatories. Mr, Ellery arranged 
with the astronomers at Sydney and at the Cape for undertaking a 
grand review of the southern heavens, which were divided into zones, 
and the three stations shared the systematic exploration, <A large 
portion of these observations has been already published. 

The rapid picture we have sketched will give an idea of the ex- 
traordinary flight practical astronomy has taken not only on the soil of 
the British Isles, but upon every point of the globe where the Anglo- 
Saxon race has planted its colonies. The necessities of navigation 
have been the prominent motive for the creation of some of the most 
important English observatories; but the volunteers in science have 
also done no inconsiderable portion of the common work. The landed 
aristocracy, the higher branches of trade, the arts and manufactures, 
hold the honor of being united with the professional men of science, 
or at least of codperating in their labors, by an enlightened munifi- 
cence. Cana better use be made of fortune or leisure? It has been 
said concerning the organization of the Greenwich Observatory that 
the essentially practical and utilitarian spirit of the English is mani- 
fested also in science, since all the labor in Greenwieh is directed 
toward a special purpose, the incessant improvement of that portion 
of astronomy that renders so great serviee to navigation. However, 
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in seeing that varied activity displayed in the numerous observatories 
of Great Britain, and ineluding in its sphere every branch of cclestial 
science, must it not be granted that something else is developed be- 
sides a tendency to the positive or the research of applications imme- 
diately usefal ? ; 

It is worthy of note that the efforts of amateurs are particularly 
directed toward the realization of instruments of unusual dimensions, 
destined to sound the depths of the firmament. But the construction 
of mirrors or object-glasses of very great diameter is of fundamental 
interest for the progress of physical astronomy. Not only is the 
brightness of images proportioned to the aperture, that is, to the 
diameter of the instrument, but the optical power, or the faculty of 
separating two luminons points closely united, inereases also in a di- 
rect ratio with the aperture. According to Léon Foucault, an aperture 
of at least thirty-nine inches is required to distinguish two points 
from each other whose apparent distance is eqnal to the tenth of a 
second of an are. The two Herschels, Lord Rosse, Mr. Lassell, finally 
the commission that had charge of the construction of the Melbourne 
telescope, gave the preference to telescopes with a metallic mirror; is 
this preference justifiable? The question admits of doubt. The mir- 
rors of silvered glass in whick Léon Foucault attained so great per- 
fection reflect a larger portion of light than metal mirrors ; according 
to the experience of Mr. Wolf, a telescope with a silvered mirror 
reflects 80 per cent. of the incident light, while with metallie mirrors 
only 40 per cent. can be utilized. Besides, glass mirrors are lighter, 
and it is easy to silver them anew when the surface is tarnished. 
Metal mirrors need to be frequently repolished, which is no inconsider- 
able work ; the experience at Melbourne affords an illustration of this 
fact. It is then with good reason that telescopes of the Foucault sys- 
tem are preferred in France. Finally, to sum up every thing, the fu- 
ture is perhaps not for great mirrors, but for great object-glasses. In- 
deed, with an equal aperture, a refracting telescope furnished with a 
good object-glass far surpasses a reflecting telescope; the great re- 
fractors of Dorpat aud Pultowa rival reflectors of a double or triple 
diameter. We have already seen that a refractor of twenty-five 
inches aperture has been completed by Messrs. Cooke. The Observa- 
tory of Paris has possessed since 1855 a disk of flint-glass and one of 
crown-glass whose dimensions are sufficient to make an object-glass of 
nearly thirty inches in diameter, and in 1868 the Government voted 
$80,000 for the construction of a refractor which should be furnished 
with this object-glass and for that of a reflector with nearly four feet 
aperture. The mirror of the reflector, the work of which was intrust- 
ed to Mr. Martin, is almost finished; the cutting of the objeet-glass 
will be immediately commenced. This will be the most powerful 
glass that has yet been undertaken, and this time it is France that 
will take the precedence of other nations. It is hoped that this will 
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not be the only effort attempted for the purpose of making prac- 
tical astronomy flonrish among us with a splendor worthy of a 
glorious past. 


THE ATMOSPHERE IN RELATION TO FOG-SIGNALING. 
By JOIN TYNDALL, LL. D., F. RS. 


INTRODUCTION. 


HE cloud produced by the puff of a locomotive can quench the 

rays of the noonday sun; it is not therefore surprising that in 

dense fogs our most powerful coast-lights, including even the electric 
light, should become nseless to the mariner. 

Disastrous shipwrecks are the consequence, During the last ten 
years no less than 273 vessels have been reported as totally lost on 
our own coasts in fog or thick weather. The loss, I believe, has been 
far greater on the American seaboard, where trade is more eager and 
fogs more frequent than they are here. No wonder, then, that earnest 
efforts should be made to find a substitute for light in sound-signals, 
powerful enough to give warning and guidance to mariners while still 

_at a safe distance from the shore. 

Such signals have been established to some extent npon our own 
coasts, and to a still greater extent along the coasts of Canada and 
the United States. But the evidence as to their value and perform- 
ance is of the most conflicting character, and no investigation sufii- 
ciently thorough to clear up the uncertainty has hitherto been made. 
In fact, while the velocity of sound has formed the subject of refined 
and repeated experiment by the ablest philosophers, the publication 
of Dr. Derham’s celebrated paper in the ‘‘ Philosophical Transactions ” 
for 1708 marks the latest systematic inquiry into the causes which affect 
the ¢rtensity of sound in the atmosphere. 

Jointly with the Elder Brethren of the Trinity Honse, and as their 
scientific adviser, I have recently had the honor of conducting an in- 
quiry designed to fill the blank here indicated. 

One or two brief references will suffice to show the state of the 
qnestion when this investigation began. ‘ Derham,” says Sir John 
Ilerschel, “ found that fogs and falling rain, but more especially snow, 
tend powerfully to obstruct the propagation of sound, and that the 
same effect was produeed by a coating of fresh-fallen snow on the 
ground, though when glazed and hardened at the surface by freezing 
it had no such influence.” ? 

In a very clear and able letter addressed to the President of the 
Board of Trade in 1863,? Dr. Robinson, of Armagh, thus summarizes 
our knowledge of fog-signals : 


1 Exsay on Sound,” par. 21. 2 “Report of the British Association” for 1868, p. 105. 
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“ Nearly all that is known about fog-signals is to be found in the ‘ Report 
on Lights and Beacons;’ and of it much is little better than conjecture. Its 
substance is as follows: 

“¢ Light is scarcely available for this purpose. Blue lights are used in the 
Hoogly ; but it is not stated at what distance they are visible in fog; their 
glare may be seen farther than their fame.’ It might, however, Le desirabie to 
ascertain low far the electric light or its flash can be traced.? 

“Sound is the only known means really effective; but about it testimonies 
are contlicting, and there is scarcely one fact relating to its use as a signal 
which can be considered as established. Even the most important of all, the 
distance at which it ceases to be heard, is nndecided. 

“< Up to the present time all signal-sonnds have been made in air, thongh 
this medium has grave disadvantages: its own currents interfere with the 
sound-waves, so that a gun or bell which is heard several miles down the wind 
is inaudible more than a few furlongs wp it. A still greater evil is that it is 
least effective when most needed ; for fog is a powerful damper of sonnd.’ ” 


Dr, Robinson here expresses the universally prevalent opinion, and 
he then assigns the theoretic cause. Fog, he says, “is a mixture of air 
and globules of water, and, at each of the innumerable surfaces where 
these two touch, a portion of the vibration is reflected and lost... . . 
Snow produces a similar effect, and one still more injurious.” 

Reflection being thus considered to take place at the surfaces of 
the suspended particles, it followed that the greater the number of | 
particles, or, in other words, the denser the fog, the more injurious 
would he its action upon sound, Hence optic transparency came to 
be considered a measure of acoustic transparency. On this point Dr. 
Robinson, in the letter referred to, expresses himself thus: “ At the 
outset, it is obvious that, to make experiments comparable, we must 
have some measure of the fog’s power of stopping sound, without at- 
tending to which the most anomalons results may be expected, It 
seems probable that this will bear some simple relation to its opacity 
to light, and that the distance at which a given object, as a flag or 
pole, disappears, may be taken as the measure... . Still, clear air” 
was regarded in this letter as the best vehicle of sound, the alleged 
action of fogs, rain, and snow, being ascribed to their rendering the 
atmosphere “a discontinuous medium.” 

Prior to this investigation the views here enunciated were those 
universally entertained. That sound is unable to penetrate fogs was 
taken to be “a matter of common observation.” The bells and horns 
of ships were affirmed “not to be heard so far in fogs as in clear 
weather.” In the fogs of London, the noise of the carriage-wheels 
was reported to be so much diminished that “they seem to be at a 
distance when really close by.” My knowledge docs not inform me 
of the existence of any other souree for these opinions regarding the 

1 A very sagacious remark, as observation proves. 

* Powerful electric lights have been since established, and found ineffectual. 


3 This is also Sir John Herschel’s way of regarding the subject. ‘ Essay on Sound,” 
par. 38, 
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deadening power of fog than the paper of Derham, published one hun- 
dred and sixty-seven years ago. In consequence of their @ priori 
probability, his conclusions seem to have been transmitted unques- 
tioned from generation to generation of scientifie men. 


INsTRUMENTS AND OpsERYATIONS.—On the 19th of May, 1873, this 
inquiry began. The South Foreland, near Dover, was chosen as the 
signal-station, steam-power having been already established there to 
work two powerful magueto-electric lights. The observations were 
mostly made afloat, one of the yachts of the Trinity Corporation being 
usually employed for this purpose. Two stations had been established, 
one at the top, the other at the bottom, of the South-Foreland Cliff; and, 
at each, trampets, air-whistles, and steam whistles of great size, were 
mounted. The whistles first employed were of English manufacture. 
To these were afterward added a large United States whistle, also a 
Canadian whistle, of great reputed power. 

On the 8th of October another instrument, which has played a 
specially important part in these observations, was introduced. This 
was a steam-siren, constructed and patented by Mr. Brown, of New 
York, and introdueed by Prof. Henry into the light-house system of 
the United States. As an example of international courtesy worthy 
of imitation, I refer with pleasure to the facet that, when informed by 
Major Elliott, of the United States Army, that our experiments had 
begun, the Light-house Board at Washington, of their own spontaneous 
kindness, forwarded to us for trial a very noble instrument of this de- 
scription, which was immediately mounted at the South Foreland, 

The prineiple of the siren is easily understood. A musical sound 
is produced when the tympanic membraue is struek periodically with 
sufficient rapidity. The production of these tympanic shocks by puffs 
of air was first realized by Dr, Robinson, and his device was the first 
and simplest form of the siren. A stopcock was so construeted that 
it opened and shut the passage of a pipe 720 times in a second. Air 
from the wind-chest of an organ being allowed to pass along the pipe 
during the rotation of the cock, a musical sound was most smoothly 
uttered. A great step was made in the construction of the instrument 
by Cagniard de la Tour, who gave it its present name. He employed 
a box with a perforated lid, and above the lid a similarly perforated 
disk capable of rotation, The perforations were oblique, so that when 
wind was driven through the lid, it so impinged upon the apertures 
of the disk as to set it in motion. No separate mechanism was there- 
fore required to turn the disk. When the perforations of lid and disk 
coineided, a puff escaped ; when they did not coincide, the current of 
air was cut off. In this way impulses were imparted to the air, and 
sound-waves generated, The siren has been greatly improved by 
Dove, and specially so by Ilelmholtz. Even in its small form, it can 
produce sounds of great intensity. 
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In the steam-siren, as in the ordinary one, a fixed disk and a 
rotating disk are employed, but radial slits are used instead of cir- 
cular apertures. One disk is fixed vertically across the throat of a 
conical trumpet 165 feet long, 5 inches in diameter where the disk 
erosses it, and gradually opening out till at the other extremity it 
reaches a diameter of two feet three inches. Behind the fixed disk is 
the rotating one, which is driven by separate mechanism. The trum- 
pet is mounted on a boiler, In our experiments, steam of 70 Ibs. 
pressure was for the most part employed. Just as in the ordinary 
siren, when the radial slits of the two disks coincide, and then only, a 
strong puff of steam escapes. Sound-waves of great intensity are thus 
sent through the air, the pitch of the note depending on the velocity 
of rotation. 

To the siren, trnmpets, and whistles, were added three guns—an 
18-pounder, a 5}-inch howitzer, and a 13-inch mortar, In our summer 
experiments all three were tired; but the howitzer having shown itself 
superior to the other guns, it was chosen in our autumn experiments, 
as not only a fair but a favorable representative of this form of signal, 
The charges fired were for the most part those now employed at Ioly- 
head, Lundy Island, and the Kish light-vessel—namely, 3 Ibs. of pow- 
der, Gongs and bells were not included in this inquiry, because pre- 
vious observations had clearly proved their inferiority to the trumpets 
and whistles, 

On the 19th of May the instruments tested were : 

On the top of the cliff: 

1. Two brass trumpets or horns, 11 feet 2 inches long, 2 inches in 
diameter at the mouthpiece, and opening out at the other end to a dia- 
meter of 224 inches. They were provided with vibrating steel reeds 
9 inches long, 2 inches wide, and 4 inch thick, and were sounded 
hy air of 18 lbs. pressure. 

2, A whistle shaped like that of a locomotive, 6 inches in diameter, 
also sounded by air of 18 lbs. pressure. 

3. A steam-whistle, 12 inches in diameter, attached toa boiler, and 
sounded by steam of 64 lbs, pressure. 

At the bottom of the cliff: 

4, Two trumpets or horns, of the same size and arrangement as 
those above, and sounded by air of the same pressure. They were 
mounted vertically on the reservoir of compressed air; but within 
about two feet of their extremities they were bent at a right angle, 
so as to present their mouths to the sea. 

5. A G-inch air-whistle, similar to the one above, and sounded hy 
the same means, 

The upper instruments were 235 feet above high-water mark, the 
lower ones 40 feet. A vertical distance of 195 feet, therefore, sepa- 
raved the instruments. A shaft, provided with a series of twelve lad- 
ders, led from the one to the other. 
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Comparative experiments made at the outset gave a slight advan- 
tage to the upper instruments. They, therefore, were for the most 
part employed throughout the subsequent inquiry, 

Our first experiments were a preliminary discipline rather than an 
organized effort at discovery. On May 19th the maximum distance 
reached by the sound was about 34 miles.’ The wind, however, was 
high and the sea rough, so that local noises interfered to some extent 
with our appreciation of the sound. 

Mariners express the strength of the wind by a series of uumbers 
extending from 0 = calin to 19 = a hurricane, a little practice in 
common producing a remarkable unanimity between different observ- 
ers as regards the foree of the wind. Its force on May 19th was 6, 
and it blew at right angles to the direction of the sound. 

The same instruments on May 20th covered a greater range of 
sound; but not much greater, though the disturbance due to local 
noises was absent, At four miles’ distance in the axes of the horns 
they were barely heard, the air at the time being calm, the sea smooth, 
and all other cireumstanees exactly those which have been hitherto 
regarded as most favorable to the transmission of sound. We crept 
a little farther away, and by stretehed attention managed to hear at 
intervals, at a distance of six miles, the faintest hum of the horns, A 
little farther on we again halted; but though local noises were ab- 
sent, and though we listened intently, we heard nothing. 

This position, clearly beyond the range of whistles and trumpets, 
was expressly chosen with the view of making what might be consid- 
ered a decisive comparative experiment between horns and guns as 
instruments for fog-signaling, The distinct report of the twelve 
o'clock gun fired at Dover on the 19th suggested this comparison, and 
through the prompt courtesy of General Sir A, Horsford we were 
enabled to carry it out. At halfpast twelve precisely the puff of an 
18-pounder, with a three-Ib. charge, was seen at Dover Castle, which 
was about a mile farther off than the South Foreland, Thirty-six 
seconds afterward the loud report of the gun was heard, its complete 
superiority over the trumpets being thus, to all appearanee, demon- 
strated, 

We clinched this observation by steaming out to a distance of 
8} miles, where the report of a second gun was well heard by all of 
us, Ata distance of 10 miles the report of a third gun was heard 
by some, and at 9.7 miles the report of a fourth gun was heard by all. 

The result seemed perfectly decisive, Applying the law of inverse 
squares, the sound of the gun at a distance of 6 miles from the Fore- 
land must have had more than two and ahalf times the intensity of 
the sound of the trumpets. It would hardly have been rash under 
the circumstances to haye reported without qualification the superi- 
ority of the gun as a fog-signal. No single experiment is, to my 


1 Tn all cases nautical miles are meant. 
VOL. VI.—85 
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knowledge, on revord to prove that a sound once predominant would 
uot be always predominant, or that the atmosphere on different days 
would show preferences to different sounds. On many subsequent 
occasions, however, the sound of the horns proved distinetly superior 
to that of the gun. This selective power of the atmosphere revealed 
itself more strikingly in our antumn experiments than in our summer 
ones; and it was sometimes illustrated within a few hours of the same 
day; of two sounds, for example, one might have the greatest range 
at 10 A.M., and the other the greatest range at 2 P.M. 

In the experiments on May 19th and 20th the superiority of the 
trumpets over the whistles was decided ; and, indeed, with few excep- 
tions, this superiority was maintained throughout the inquiry. But 
there were exceptions. On June 2d, for example, the whistles rose in 
several instances to full equality with, and on rare oecasions subse- 
quently even surpassed, the horns. The sounds were varied from day 
to day, and various shiftings of the horns and reeds were resorted to, 
with a view of bringing out their maximum power. On the date last 
mentioned a single horn was sounded, two were sounded, and three 
were sounded, together; but the utmost range of the loudest sound, 
even with the paddles stopped, did not exeeed 6 miles. With the 
view of concentrating their power, the axes of the horns had been 
pointed in the same direction, and, unless stated to the contrary, this 
in all snbseqnent experiments was the case, 

On Jime 3d the three guns already referred to were permanently 
mounted at the Sonth Foreland. They were ably served by gunners 
from Dover Castle. 

On the same day dense clonds quite covered the firmament, some 
of them particularly black and threatening, but a marked advance 
was observed in the transmissive power of the air. At a distance of 
6 miles the horn-sounds were not qnite quenched by the paddle-noises ; 
at 8 miles the whistles were heard, and the horns better heard; while 
at 9 miles, with the paddles stopped, the horn-sounds alone were fairly 
audible. During the day’s observations a remarkable and instructive 
phenomenon was observed, Over us rapidly passed a torrential 
shower of rain, which, according to Derham, is a potent damper of 
‘sound. We could, however, notice no subsidence of intensity as the 
showee passed, It is even probable that, had our minds been free 
from bias, we should have noticed an augmentation of the sound, such 
as occurred with the greatest distinctness on various subsequent occa- 
sions during violent rain. 

The intuence of “ beats” was tried on June 3d, by throwing the 
horns shghtly ont of unison; but, though the beats rendered the sound 
characteristic, they did not seem to augment the range. At a distance 
from the station curious flnetuations of intensity were noticed. Not 
only did the different blasts vary in strength, but sudden swellings 
and fallings off, even of the same blast, were observed. This was not 
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due to any variation on the part of the instruments, bnt purely to the 
changes of the medium traversed by the sound, What these changes 
were shall be indicated subsequently. 

The range of our best horns on June 10th was 83 miles. The guns 
at this distance were very feeble. That the loudness of the sound 
depends on the shape of the gun was proved by the fact that thus far 
the howitzer, with a three-lb, charge, proved more effective than the 
other guns, 

On June 25th a gradual improvement in the transmissive power of 
the air was observed from morning to evening; but at the last the 
maximum range was only moderate, The fluctuations in the strength 
of the sound were remarkable, sometimes sinking to inaudibility and 
then rising to loudness, A similar effect, due to a similar cause, is 
often noticed with chureh-bells, The acoustic transparency of the 
air was still further angmented on the 26th: at a distance of 94 iniles 
from the station the whistles and horns were plainly heard against a 
wind with a foree of four; white on the 25th, with a favoring wind, the 
maximum range was only 64 miles. Plainly, therefore, something else 
than the wind must be influential in determining the range of the sound, 

On Tuesday, July Ist, observations were made on the decay of the 
sound at various angular distances from the axis of the horn. As 
night be expeeted, the sound in the axis was loudest, the decay being 
gradual on both sides. Jn the ease of the gun, however, the direction 
of pointing has very little influence. 

The day was acoustically clear; at a distance of 10 miles the horn 
yielded a plain sonnd, while the American whistle seemed to surpass 
the horn. Dense haze at this time quite hid the Foreland. At 164 
miles occasional blasts of the horn came to us, but, after a time, all 
sound ceased to be andible; it seemed as if the air, after having been 
exceedingly transparent, had become gradually more opaque to the 
sound, 

At 4.45 p. at. we took the master of the Warne light-ship on board 
the Irene. He and his eompany had heard the sound at intervals 
during the day, although he was dead to windward and distant 193 
niles from the source of sonnd. 

Here a word of reflection on our observations may be fitly intro- 
duced, It is, as already shown, an opinion entertained in high quar- 
ters that the waves of sound are refiected at the limiting surfaces of 
the minute particles which constitute haze and fog, the alleged waste 
of sound in fog being thus explained. If, however, this be an efticient 
practical cause of the stoppage of sound, and if clear, calm air be, as 
alleged, the best vehicle, it would be impossible to understand how 
to-day, in a thick haze, the sound reached a distance of 122 miles, 
while on May 20th, in a calm and hazeless atmosphere, the maximum 
range was only from 5 to 6 miles. Sneh facts foreshadow a revolution 
in our notions regarding the action of haze and fogs upon sound, 


548 THE POPULAR SCIENCE MONTHLY. 


An interval of 12 hours sufficed to change in a surprising degree 
the aconstic transparency of the air. On the Ist of July the sound 
had a range of nearly 13 miles; on the 2d the range did not exeeed 
4 miles, 


Conrrapicrory Resuirs.—Thus far the investigation proceeded 
with hardly a gleam of a principle to connect the inconstant results, 
The distance reached by the sound on the 19th of May was 34 miles ; 
on the 20th it was 5} miles; on the 2d of June, 6 miles; on the 3d, 
more than 9 miles; on the 10th it was also 9 miles; on the 25th it fell 
to 65 miles; on the 26th it rose again to more than 93 miles; on the 
Ist of July, as we have just seen, it reached 123, whereas on the 2d 
the range shrunk to 4 miles. None of the meteorological agents ob- 
served could be singled out as the cause of these finetuations, The 
wind exerts an acknowledged power over sound, but it eould not 
account for these phenomena. On the 25th of June, for example, 
when the range was only 63 miles, the wind was favorable; on the 
26th, when the range exceeded 94 miles, it was opposed to the sound. 
Nor could the varying optical clearness of the atmosphere be invoked 
as an explanation; for, on July Ist, when the range was 123 miles, a 
thick haze hid the white cliffs of the Foreland, while on many other 
days, when the aconstic range was not half so great, the atmosphere 
was optically clear. Up to July 3d all remained enigmatical; but on 
this date observations were made which seemed to me to displace sur- 
mise and perplexity by the clearer light of physical demonstration. 


SorvtTion or Conrrapicrions.—On July 3d we first steamed to a 
point 2.9 miles southwest-by-west of the signal station. No sounds, 
not even the guns, were heard at this distance. At two miles they 
were equally inaudible. But this being a position at which the sonnds, 
thongh strong in the axis of the horn, invariably subsided, we steamed 
to the exact bearing from whieh our observations had been made on 
July Ist. At 2.15 p.m, and at a distance of 3} miles from the station, 
with calm, clear air and a smooth sea, the horns and whistle (Ameri- 
can) were sounded, but they were inaudible. Surprised at this result, 
T signaled for the guns. They were all fired, but, thongh the smoke 
seemed at hand, no sound whatever reached us. On July Ist, in this 
bearing, the observed range of both horns and guns was 104 miles, 
while, on the bearing of the Varne light-vessel, it was nearly 13 miles. 
We steamed in to 3 miles, paused, and lstened with all attention ; 
but neither horn nor whistle was heard. The guns were again sig- 
naled for; five of them were fired in snecession, but not one of them 
was heard, We steamed on in the same bearing to 2 miles, and had 
the guns fired point-blank at us. The howitzer and the mortar, with 
3-lb. charges, yielded a feeble thud, while the 1$8-pounder was wholly 
unheard, Applying the law of inverse squares, it follows that, with 
the air and sea, according to accepted notions, in a far worse condi- 
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tion, the sound at two miles’ distance on July Ist must have had more 
than forty times the intensity which it possessed at the same distance 
at 3 P.M. on the 3d. 

“On smooth water,’ says Sir John Herschel, “sound is propa- 
gated with remarkable clearness and strength.” Here was the con- 
dition ; still, with the Foreland so close to us, the sea so smooth, and 
the air so transparent, it was difficult to realize that the guns had been 
fired, or the trumpets blown at all. What could be the reason? Had 
the sound been converted by internal friction into heat, or had it been 
wasted in partial reflections at the limiting surfaces of non-homoge- 
neous masses of air? I ventured, two or three years ago, to say some- 
thing regarding the function of the imagination in science, and, not- 
withstanding the care then taken, to define and illustrate its real 
province, some persons, among whym were one or two able men, 
deemed me Joose and illogical, They misunderstood me, The faculty 
to which I referred was that power of visualizing processes in’ space, 
and the relations of space itself, which mnst be possessed by all great 
physicists and geometers. Looking, for example, at two pieces of pol- 
ished stecl, we have not a sense, or the rudiment of a sense, to distin- 
guish the inner condition of the one from that of the other. And yet 
they may differ materially, for one may be a magnet, the other not, 
What enabled Ampére to surround the atoms of such a magnet with 
ehannels in which electric currents ceaselessly run, and to deduce from 
these pictured eurrents all the phenomena of ordinary magnetism ? 
What enabled Faraday to visualize his lines of force, and make his 
mental picture a guide to discoveries which have rendered his name 
immortal? Assuredly it was the disciplined imagination. Figure 
the observers on the deck of the Irene, with the invisible air streteh- 
ing between them and the South Foreland, knowing that it contained 
something which stifled the sound, but not knowing what that some- 
thing is. Their senses are not of the least use to them; nor could all 
the philosophieal instruments in the world render them any assist- 
ance. They could not, in fact, take a single step toward the solution 
without the formation of a mental image; in other words, without the 
exercise of the imagination, 

Sulphur in homogeneous crystals is exceedingly transparent to 
radiant heat, whereas the ordinary brimstone of commerce is highly 
impervious to it—the reason being that the brimstone does not possess 
the molecular continuity of the crystal, but is a mere aggregate of 
minute grains not in perfect optical contact with each other, Where 
this is the case, a portion of the heat is always reflected on entering 
and on quitting a grain; hence, when the grains are minute and nu- 
merous, this reflection is so often repeated that the heat is entirely 
wasted before it can plunge to any depth into the substance. The 
same remark applies to snow, foam, clouds, and common salt, indeed 
to all transparent substances in powder; they are all impervious to 
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light, not through the immediate absorption or extinction of the light, 
but through repeated internal reflection. 

Qumboldt, in his observations at the Falls of the Orincco, is 
known to have applied these principles to sound. He found the noise 
of the falls far londer by night than by day, though in that region 
the night is far noisier than the day. The plain between bim and the 
falls consisted of spaces of grass and rock intermingled. In the heat 
of the day he found the temperature of the rock to be considerably 
higher than that of the grass. Over every heated rock, he concluded, 
rose a column of air raretied by the heat ; its place being supplied by 
the descent of heavier air, He aseribed the deadening of the sound 
to the reflections which it endured at the limiting surfaces of the 
rarer and denser air, This philosophical explanation made it gen- 
erally known that a non-homogeneous atmosphere is unfavorable to 
the transmission of sound, 

But what, on July 3d, not with the variously-heated plain of An- 
tures, but with a calm sea as a basis for the atmosphere, could go de- 
stroy its homogeneity as to enable it to quench in so short a distance 
so vast a body of sound? My course of thought at the time was thus 
determined. As I stood upon the deck of the Irene, pondering the 
question, I became conscions of the excecding power of the sun beat- 
ing against my back and heating the objects near me. Beams of equal 
power were falling on the sea, and must have produced copious evap- 
oration. That the vapor generated should so rise and mingle with the 
air as to form an absolutely homogeneous medium was in the highest 
degree improbable. It would be sure, I thought, to rise in invisible 
streams, breaking through the superincumbent air, pow at one point, 
now at another, thus rendering the air floceulent with wreaths and 
strie, charged in different degrees with the buoyant vapor. At the 
limiting surfaces of these spaces, though invisible, we should have the 
conditions necessary to the produetion of partial echoes and the eon- 
sequent waste of sound. <Aseending and descending air-currents, of 
different temperatures, as far as they existed, would also contribute to 
the effect. 

Curiously enough, the conditions necessary for the testing of this 
explanation immediately set in. At 3.15 p.a., a solitary cloud threw 
itself athwart the sun, and shaded the entire space between us and 
the South Foreland. The heating of the water, and the production 
of yapor, were snddenly checked ly the interposition of this sereen ; 
henee the probability of suddeniy-improved transmission. To test 
this inference, the steamer was immediately turned and urged back 
to our last position of inaudibility. The sounds, as I expected, were 
distinctly though faintly heard. This was at 3 miles’ distance. At 
32 miles the guns were fired, both point-blank and elevated. The 
faintest pop was all that we heard; but we did hear a pop, whereas 
we had previously heard nothing, either here or three-quarters of a 
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mile nearer. We steamed out to 44 miles, where the sounds were for 
a moment faintly heard; but they fell away as we waited, and though 
the greatest quietness reigned on board, and though the sea was with- 
out a ripple, we could hear nothing. We could plainly see the steam- 
pufis which announced the beginning and the end of a series of trum- 
pet-blasts, but the blasts themselves were quite inandible. 

Jt was now 4». o., and my intention at first was to halt at this dis- 
tance, which was beyond the sound-range, but uot far beyond it, and 
see whether the lowering of the sun would not restore the power of 
the atmosphere to transmit the sound. But, after waiting a little, the 
anchoring of a boat was suggested, so as to liberate the steamer for 
other work ; and, though loath to lose the anticipated revival of the 
sounds myself, I agreed to this arrangement. Two men were placed 
in the boat and requested to give all attention, so as to hear the sound 
if possible. With perfect stillness around them, they heard nothing. 
They were then instrueted to hoist a signal if they should hear the 
sounds, and to keep it hoisted as long as the sounds continued, 

At 4,45 we quitted them and steamed toward the South Sand Head 
light-ship. Precisely fifteen minutes after we had separated from them 
the flag was hoisted: the sound had at length succeeded in piereing 
the body of air between the boat and the shore, 

We continued our journey to the light-ship, went on board, heard 
the report of the lightsmen, and returned to our anchored boat. We 
then learned that when the flag was hoisted the horn-sounds were 
heard, that they were suceceded after a little time by the whistle- 
sounds, and that both increased in intensity as the evening adyaneed., 
On our arrival, of course we heard the sounds ourselves. 

We pushed the test further by steaming farther out. At 53 miles, 
we halted and heard the sonnds; at 6 miles we heard them distinetly, 
but so feebly that we thought we had reached the limit of the sound- 
range; but while we waited the sounds rose in power. We steamed 
to the Varne buoy, which is 7? miles from the signal-station, and 
heard the sounds there better than at 6 miles’ distance. We con- 
tinued our course outward to 10 miles, halted there for a brief inter- 
val, but heard nothing. 

Steaming, however, on to the Varne light-ship, which is situated 
at the other end of the Varne shoal, we hailed the master, and were 
informed by him that up to 5 Pp. nothing had been heard, but that 
at that hour the sounds began to be audible. He described one of 
them as “ very gross, resembling the bellowing of a bull,” which very 
aceurately characterizes the sound of the large American steam-whistle, 
At the Varne light-ship, therefore, the sounds had been heard toward 
the close of the day, though it is 122 miles from the signal-station. I 
think it probable that, at a point 2 miles from the Foreland, the sound. 
at 5 P.M. possessed fifty times the intensity which it possessed at 2 
p.m. To such undreamt-of fluctuations is the atmosphere liable. On 
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our return to Dover Bay, at 10 vp. a, we heard the sounds, not only 
distinct but loud, where nothing could be heard in the morning. 


REMARKABLE Instances o¥ Acoustic Opacrry.—In his excellent 
lecture entitled “ Wirkungen aus der Ferne,” Dove has collected some 
striking cases of the interception of sound, The Duke of Argyll has 
also favored me with some highly-interesting illustrations. But nothing 
of this description that I have read equals in point of interest the fol- 
lowing account of the battle of Gaim’s Farm, for which I am indebted 
to the Rector of the University of Virginia: 


“ Lynenpure, Va., March 19, 1874. 

“Sin: I have just read with great interest your lecture of January 16th, on 
the acoustic transparency and opacity of the atmosphere. The remarkable ob- 
servations you mention induce me to state to you a fact which J have occa- 
sionally mentioned, but always, where I am not well known, with the apprehen- 
sion that my veracity would be questioned. It made a strong impression on me 
at the time, but was an insoluble mystery until your discourse gave me a pos- 
sible solution. 

“On the afternoon of June 28, 1862, I rode, in company with General G. W. 
Randolph, then Seeretary of War of the Confederate States, to Price’s house, 
about nine miles from Richmond; the evening before General Lee had begun 
his attack on MeClellan’s army, by crossing the Chickahominy about four miles 
above Price’s, and driving in MeClellan’s right wing. The battle of Gain’s Farm 
was fought the afternoon to which I reter. The valley of the Chickahominy is 
about one and a half mile wide from hill-top to hill-top. Price’s is on one hill- 
top, that nearest to Richmond; Gain’s Farm, just opposite, is on the other, 
reaching back in a plateau to Cold Harbor. 

“ Looking across the valley I saw a good deal of the battle, Lee’s right rest- 
ing in the valley, the Federal left wing the same. My line of vision was nearly 
in the line of the lines of battte. I saw the advance of the Confederates, their 
repulse two or three times, and in the gray of the evening the final retreat of 
the Federal forees. 

“I distinetly saw the musket-fire of both lines, the smoke, the individual dis- 
charges, the flash of the guns. I saw batteries of artillery on both sides come 
into action and fire rapidly. Several field-batteries on each side were plainly in 
sight. Many more were hid by the timber which bounded the range of vision. 

‘Yet, looking for nearly two hours, from about 5 to 7 Pp. M. on a midsummer 
afternoon, at a battle in which at least 50,000 men were actually engaged, and 
doubtless at least 100 pieces of ficld-artillery, through an atmosphere optically 
as limpid as possible, not a single sound of the battle was audible to General Ran- 
dolph and myself. I remarked it to him at the time as astonishing. 

‘Between me and the battle was the deep, broad valley of the Chickahom- 
iny, partly a swamp, shaded by the declining sun, by the hills and forest in the 
west (my side), Part of the valley on each side of the swamp was cleared ; 
some in cultivation, some not. Jere were conditions capable of providing sev- 
eral belts of air, varying in the amount of watery vapor (and probably in tem- 
perature), arranged like laminw at right angles to the acoustic waves as they 
came from the battle-field to me. 

“ Respectfully, your obedient servant, R. G.I. Kean. 


“Prof, Jonn Tynpay,” 
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T learn from a subsequent letter that during the battle the air was 


still._—J. T, 


Ecnors From Ixvisiste <AAcovstic CLroups.—But both the argu- 
ment and the phenomena have a complementary side, which we have 
now to consider. A stratum of air less than three miles thick on a 
ealm day has been proved competent to stifle both the cannonade and 
the horn-sounds employed at the South Foreland ; while, according to 
the foregoing explanation, this result was due to the reflection of the 
sound from inyisible acoustic clouds which filled the atmosphere on a 
day of perfect optical transparency. But, granting this, it is incredi- 
ble that so great a body of sound could utterly disappear in so short 
a distance without rendering some account of itself. Supposing, then, 
instead of placing ourselves behind the acoustic cloud, we were to 
place ourselves in front of it, might we not, in accordance with the 
law of conservation, expect to reeeive by reflection the sound which 
had failed to reach us by transmission? The case would then be 
strictly analogous to the reflection of light from an ordinary cloud to 
an observer between it and the sun. 

My first care in the early part of the day in question was to assure 
myself that our inability to hear the sound did not arise from any de- 
rangement of the instruments on shore. Accompanied by the private 
secretary of the Deputy Master of the Trinity House, at 1 vp. ar. Twas 
rowed to the shore, and landed at the base of the South Foreland Clift 
The body of air which had already shown such extraordinary power 
to intercept the sound, and which manifested this power still more im- 
pressively later in the day, was now in front of us. On it the sonorous 
waves impinged, and from it they were sent back with astonishing in- 
tensity. The instruments, hidden from view, were on the summit of a 
cliff 235 feet above us, the sea was smooth and clear of ships, the at- 
mosphere was without a cloud, and there was no object in sight which 
could possibly produce the observed effect, From the perfectly trans- 
parent air the echoes came, at first with a strength apparently little 
less than that of the direct sound, and then dying gradually and con- 
tinuously away, <A remark made by my talented companion in his 
note-book at the time shows how the phenomenon affected him: “ Be- 
yond saying that the echoes seemed to come from the expanse of 
ocean, it did not appear possible to indicate any more definite point 
of reflection.” Indeed, no such point was to be seen; the echoes 
reached us, as if by magic, from the invisible aconstie clouds with 
which the optically transparent atmosphere was filled, The existence 
of such elouds in all weathers, whether optically cloudy or serene, is 
one of the most important points established by this inquiry. 

Here, in my opinion, we have the key to many of the mysteries and 
discrepancies of evidence which beset this question. The foregoing 
observations show that there is no need to doubt either the veracity 
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or the capability of the conflicting witnesses, for the variations of the 
atmosphere are more than sufficient to account for theirs. The mis- 
take, mdeed, hitherto has been, not in reporting incorreetly, but in 
neglecting the monotonous operation of repeating the observations 
during a sufficient time. I shall have occasion to remark subsequent- 
ly on the mischief likely to arise from giving instruction to mariners 
founded on observations of this incomplete character. 

It required, however, long pondering and repeated observation be- 
fore this conclusion took firm root in my mind; for it was opposed to 
the results of great observers, and to the statements of celebrated 
writers, In science, as elsewhere, a mind of any depth, which aecepts 
a doctrine undoubtingly, discards it unwillingly. The question of 
aérial echoes has an historic interest. While cloud-echoes have been 
accepted as demonstrated by observation, it has been hitherto held as 
established that audible echoes never oceur in optically clear air. We 
owe this opinion to the admirable report of Arago on the experiments 
made to determine the velocity of sound at Montlhéry and Villejuif 
in 1822," Arago’s account of the phenomenon observed by him and 
and his colleagues is as follows: “Before ending this note we will 
only add that the shots fired at Montlhéry were accompanied by a 
rumbling like that of thunder, which lasted from 20 to 25 seconds, 
Nothing of this kind oeenrred at Villejuif. Onee we heard two dis- 
tinct reports, a second apart, of the Montliéry cannon, In two other 
eases the report of the same gun was followed by a prolonged rum- 
bling. These phenomena never occurred without clouds. Under a 
clear sky the sounds were single and instantaneous, May we not, 
therefore, conclude that the multiple reports of the Montlhéry gun 
heard at Villejuif were echoes from the clouds, and may we not 
aceept this fact as favorable to the explanation given by certain phys- 
icists of the rolling of thunder?” 

I think both the fact and the inference need reconsideration. For 
our observations prove to demonstration that air of perfect visual trans- 
parency is competent to produce cchoes of great intensity and long 
duration. The subject is worthy of additional illustration. On the 


1 Sir John Herschel gives the following account of Arago’s observation: “The 
rolling of thunder has been atuibuted to echoes among the clouds; and, if it is con- 
sidered that a cloud is a eolleetion of particles of water, however minute, in a liquid 
state, and therefore each individually capable of reflecting sound, there is no reason 
why very loud sounds should not be reverberated confusedly (like bright lights) from 
a cloud. And that such is the case has been ascertained by direet observation on 
the sound of cannon. Messrs, Arago, Matthien, and Prony, in their experiments on 
the velocity of sound, observed that under a perfeetly clear sky the explosions of their 
guns were always single and sharp; whercas, when the sky was overcast, and even when 
a cloud came in sight over any considerable part of the horizon, they were frequently 
accompanied by a long-continued roll like thunder,’’—(“ Essay on Sound,” par. 388.) The 
distant clouds would imply a long interval between sound and echo, but nothing of the 
kind is reported. 
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8th of October, as already stated, the siren was established at the 
South Foreland. I visited the station on that day, and listened to its 
echoes. ‘They were far more powerful than those of the horn, Like 
the others, they were perfectly continuous, and faded, as if into dis- 
tance, gradually away. The direct sound seemed rendered complex 
and multitudinous by its echoes, which resembled a band of trump- 
eters first responding close at hand, and then retreating rapidly 
toward the coast of France. The siren-echoes on that day had 11 
seconds’, those of the horn 8 seconds’ duration. 

In the case of the siren, moreover, the reéutorcement of the direct 
sound by its echo was distinct. About a second after the com- 
mencement of the siren-blast, the echo struck in as a new sound. 
This first echo, therefore, must have been fiung back by a body of 
air not more than 600 or 700 feet in thickness. The few detached 
clouds visible at the time were many miles away, and could clearly 
have had nothing to do with the effect. 

On the 10th of October, I was again at the Foreland, listening to 
the echoes, with results similar to those just described. On the 15th 
Thad an opportunity of remarking something new concerning them 
at Dungeness, where a horn, similar to, though not so powerful as, 
those at the South Foreland, has been mounted. It rotates automati- 
cally through an are of 210°, halting at four different points on the 
are and emitting a blast of 6 seconds’ duration, these blasts being 
separated from each other by intervals of silence of 20 seconds. 

The new point observed was this: As the horn rotated the echoes 
were always returned along the line in which the axis of the horn 
pointed, Standing either behind or in front of the light-house tower, 
or closing the eyes so as to exclude all knowledge of the position of 
the horn, the direction of its axis when it sounded could always be 
inferred from the direction in which the aérial echoes reached the 
shore. Not only, therefore, is knowledge of direction given by a 
sound, but it may also be given by the aérial echoes of the sound. 

On the 17th of October, at about 5p. at, the air being perfectly 
free from clouds, we rowed toward the Foreland, landed, and passed 
over the sea-weed to the base of the cliff? As I reached the base, 
the position of the Galatea was such that an echo of astonish- 
ing intensity was sent back from her side; it came as if from an inde- 
pendent source of sound established on board the steamer. This 
echo ceased suddenly, leaving the aérial echoes to die gradually into 
silence, 

At the base of the cliff'a series of concurrent observations made 
the duration of the aérial siren-echoes from 13 to 14 seconds, 

Lying on the shingle under a projecting roof of chalk, the some- 
what enfeebled diffracted sound reached me, and I was able to hear 
with great distinctness, about a second after the starting of the siren- 
blast, the echces striking in and reénforcing the direct sound. The 
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first rush of echoed sound was very powerful, and it came, as usual, 
from a stratum of air 600 or 700 feet in thickness, On again testing 
the duration of the echoes, it was found to be from 14 to 15 seeonds, 
The perfect clearness of the afternoon caused me to choose it for the 
examination of the echoes. It was worth remarking that this was our 
day of longest echoes, and it was also our day of greatest acoustic 
transparency, this association suggesting that the duration of the 
echo is a measure of the atmospheric depths from which it comes. On 
no day, it is to be remembered, was the atmosphere free from invisi- 
ble aconstie clonds; and on this day, and when their presence did not 
prevent the direct sound from reaching to a distance of 15 or 16 nau- 
tical miles, they were able to send us cehoes of 15 seconds’ duration. 

On various oceasions, when fully three miles from the shore, the 
Foreland bearing north, we have had the distinet echoes of the siren 
sent back to us from the cloudless southern air. 

To sum up this question of aérial echoes, The siren sounded 
three blasts a minute, each of 5 seconds’ duration, From the num- 
ber of days and the number of hours per day during which the in- 
strument was in action, we ean infer the number of blasts. They 
reached nearly 20,000, The blasts of the horns exceeded this num- 
ber, while hundreds of shots were fired from the guns. Whatever 
might be the state of the weather, cloudy or serene, stormy or calm, 
the aérial echoes, though varying in strength and duration from day 
to day, were never absent; and on many days, “under a perfectly 
clear sky,” they reached, in the case of the siren, an astonishing in- 
tensity. It isto these air-eehoes and not to clond-echoes, that the 
rolling of thunder is to be aseribed, 


ExprriventaL DEmonstTRATION oF Aértat Reriecrion.—Thus far 
we have dealt in inference merely, for the interception of sound 
through aérial reflection has never been experimentally demonstrated ; 
and, indeed, aeeording to Arago’s observation, which has hitherto 
held undisputed possession of the scientifie field, it does not sensibly 
exist. But the strength of science consists in verification, and I was 
anxious to submit the question of atrial reflection to an experimental 
test. As in most similar cases, it was not the simplest eombinations 
that were first adopted. Two gases of different densities were to be 
chosen, and I chose carbonic acid and coal gas. With the aid of my 
skillful assistant, Mr. John Cottrell, a tunnel was formed, across which 
five-and-twenty layers of carbonic acid were permitted to fall, ana 
five-and-tweuty alternate layers of eoal-gas to rise. Sound was sent 
through this tunnel, making fifty passages from medium to medinm 
in its course. These, I thought, would waste in aérial echoes a sensi- 
ble portion of sound. 

To indicate thts waste an objective test was found in a gas-flame 
brought to the verge of flaring. The action of sonorous vibrations on 
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such a flame was discovered by Professor Le Conte in the United 
States, who had the sagacity to seize upon the most essential features 
of the phenomenon. <A similar observation was subsequently made 
by Prof, Barrett, while assistant in the physical laboratory of the 
Royal Institution; and both he and myself, my present assistant Mr. 
Cottrell, and Mr. Philip Barry, have suceceded in pushing such flames 
to an extraordinary degree of senusitiveness. The following brief 
description of a sensitive flame 24 inches high, issuing from the single 
oritice of a steatite-burner, is taken from my forthcoming “ Lectures on 
Sound: ” “The slightest tap on a distant anvil causes it to fall to 7 
inches. When a bunch of keys is shaken, the flame is violently agi- 
tated, and emits a loud roar. The dropping of a sixpence into a hand, 
already containing coin, knoeks the flame down. The creaking of 
boots sets it in violent commotion, The erumpling or tearing of a 
bit of paper, or the rustle of a silk dress, does the same. Responsive 
to every tick of a watch held near it, it falls and explodes. The 
winding up of the watch produces tamult, From a distance of 80 
yards we may chirrup to this flame, and canse it to fall and roar, 
Repeating a passage from the ‘ Faerte Queene,’ the flame sifts and se- 
lects the manifold sounds of my voice, noticing some by a slight nod, 
others by a deeper bow, while to others it responds by violent agita- 
tion.” 

We are now prepared to understand a drawing and description of 
the apparatus first employed in the demonstration of aérial reflection. 
I take both drawing and description substantially from an account of 
the apparatus given by a writer in Vature, February 5, 1874: 

“A tunnel ¢¢’ (Fig. 1), 2 inches square, 4 feet 8 inches long, open 
at both ends, and having a glass front, runs through the box, a 6 d. 
The spaces above and below are divided into cells opening into the 
tunnel by transverse orifices exactly corresponding vertically. Each 
alternate cell of the upper series—the first, third, fifth, ete.—cemmuni- 
cates by a bent tube (e ¢ e) with a common upper reservoir (g), its 
counterpart cell in the lower series having a free outlet intothe air, In 
like manner the second, fourth, sixth, ete., of the lower series of cells are 
connected by bent tubes (2 2m) with the lower reservoir (é), each 
having its direct passage into the air through the cell immediately 
above it. The gas-distributors (y and @) are filled from both ends 
at the same time, the upper with carbonie-acid gas, the lower with 
coal-gas, by branches from their respective supply-pipes (f and 2). 
A well-padded box (2?) open to the end of the tunnel forms a little 
cavern, whence the sound-waves are sent forth by an electric bell 
(dotted in the figure). A few feet from the other end of the tunnel, 
and ina direct line with it, is a sensitive fiame (4), provided with a 
funnel as sound-collector, and guarded from chance currents by a 
shade. 

“The bell was set ringing. The flame, with quick response to 


558 THE POPULAR SCIENCE MONTHLY. 


each blow of the hammer, emitted a sort of musical roar, shortening 
and lengthening as the successive sound-pulses reached it. The gases 
were then admitted. Twenty-five flat jets of coal-gas ascended from 
the tubes below, and twenty-five cascades of carbonic acid fell from 
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Fig. 1.—APPARATUS FOR SHOWING THE INFLUENCE OF A NON-HOMOGENEOUS ATMOSPHERE ON THE TRANSMISSION OF SOUND. 


the tubes above. That which was a homogeneous medium, had now 
fifty limiting surfaces, from each of which a portion of the sound was 
thrown back. In a few moments these successive reflections became 
so effective that no sonnd having sufficient power to affect the flame 
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could pierce the clear, optically-transparent, but acoustically-opaque 
atmosphere in the tunnel, So long as the gases continued to flow, the 
flame remained perfectly tranquil, When the supply was ent off, the 
gases rapidly diffused into the air, The atmosphere of the tunnel 
became again homogeneous, and therefore acoustically transparent, 
and the flame responded to each sound-pulse as before.” 

Not only do gases of different densities act thus upon sound, but 
atmospheric air in layers of different temperatures docs the same. 
Across a tunnel resembling ¢ ¢', Fig. 1, sixty-six platinum wires were 
stretched, all of them being in metallic connection, The bell, in its 
padded box, was placed at one end of the tunnel, and the sensitive 
flame 4, near its flaring point, at the other, When the bell rang, the 
flame flared. A current from a strong voltaic battery being sent 
through the platinum wires, they became heated: layers of warm air 
rose from them through the tumel, and immediately the agitation of 
the flame was stilled. On stopping the current, the agitation reeom- 
menced, In this experiment the platinum wires had not reached a 
red heat. Employing half the nwnber and the same battery, they 
were raised to a red heat, the action in this case upon the sound-waves 
being also energetic. Employing one-third of the number of wires, 
and the same strength of battery, the wires were raised to a white 
heat, Here, also, the flame was immediately rendered tranquil by the 
stoppage of the sound, 

But not only do gases of different densities, and air of different 
temperatures, act thus upon sonnd, but air saturated in different de- 
grees with the vapors of volatile liquids ean be shown by experiment 
to produce the same effect. Into the path pursued by the ‘arbonie 
acid in our first experiment, a flask, which I have frequently employed 
to eharge air with vapor, was introduced. Through a volatile liquid, 
partially filling the flask, air was forced into the tunnel ¢ ¢’, which was 
thus divided into spaces of air saturated with the vapor, and other 
spaces in the ordinary condition, The action of such a medium upon the 
sound-waves issuing from the bell is very energetic, iustantly redueing 
the violently-agitated flame to stillness and steadiness, The removal 
of the heterogeneous medium restores the noisy flaring of the flame. 

A few illustrations of the action of non-homogeneous atmospheres 
produced by the saturation of layers of air with the vapors of volatile 
liquids may follow here. 

Bisulphide of Carbon.—Flame very sensitive, and noisily respon- 
sive to the sound. The action of the non-homogencous atmosphere 
was prompt and strong, stilling the agitated flame. 

Chloroform.—Flame still very sensitive; action similar to the last. 

Todide of Methyl.—Action prompt and energetic. 

Amylene.—Very fine action ;-a short and violently-agitated flame 
was immediately rendered tall and quiescent, 

Sulphuric Ether.—Action prompt and energetic. 
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The vapor of water at ordinary temperatures is so small in quan- 
tity, and so attenuated, that it requires special precautions to bring 
out its action, But with such precautions it was found competent to 
reduce to quiescence the sensitive flame. 

As the skill and knowledge of the experimenter angment, he is often 
able to simplity his experimental combinations. Thus, in the present 
instanee, by the suitable arrangement of the source of sonnd and the 
sensitive flame, it was found that not only twenty-five layers, but three 
or four layers of coal-gas and carbonic acid, sutliccd to still the agitated 
flame. Nay, with improved manipulation the action of a single layer 
of either gas was rendered perfectly sensible. So also as regards 
heated layers of air, not only were sixty-six or twenty-two heated plati- 
num wires found. snflicient, but the heated air from two or three candle- 
flames, or even from a single flame, or a heated poker, was found per- 
feetly competent to stop the flame’s agitation. The same remark ap- 
plies to vapors. Three or four layers of air saturated with the vapor 
of a volatile liquid stilled the flame; and, by improved manipulation, 
the action of a single saturated layer could be rendered sensible. In 
all these cases, moreover, a small, high-pitched reed might be substi- 
tuted for the bell. 


Fic. 2.—APPARATUS FOR ILLUSTRATING THE REFLECTION OF SOUND IN A NoN-HOMOGENEOUS 
ATMOSPIIERE, 


In the experiments at the South Foreland, not only was it proved 
that the aconstie clouds stopped the sound, but in the proper position 
the sounds which had been refused transmission were received by re- 
flection, Twished very much to render this echoed sound evident ex- 
perimentally, and stated to my assistant that we ought to be able to 
accomplish this, Mr, Cottrell met my desire by the following beautiful 
experiment, which has been thus deseribed before the Royal Society: 

“ A vibrating reed B (Fig. 2) was placed so as to send sonnd-waves 
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through a tin tube, 38 inches long, and 14 inch diameter, in the direc- 
tion B A, the action of the sound being rendered manifest by its caus- 
ing a sensitive flame placed at F” to become violently agitated, 

“The invisible heated layer immediately above the luminous por- 
tion of an ignited coal-gas flame, issuing from an ordinary bat’s-wing 
burner, was allowed to stream upward across the end A of the tin tube. 
A portion of the sound issuing from the tube was reflected at the limit- 
ing surfaces of the heated layer, the part transmitted being now only 
competent to slightly agitate the sensitive flame at 2”. 

“The heated layer was then placed at such an angle that the re- 
flected portion of the sound was sent through a second tin tube, 4d 
(of the same dimensions as 2 A), Its action was rendered visible by 
causing a second sensitive flame placed at the end of the tube # to be- 
come violently affected. This echo continued active so long as the 
heated layer intervened; but upon its withdrawal the sensitive flame 
placed at 4”, receiving the whole of the direct pulse, became again vio- 
lently agitated, and at the same moment the sensitive flame at 7) ceas- 
ing to be affected by the echo, resumed its former tranquillity. 

“Exactly the same action takes place when the luminous portion 
of a gas-flame is made the reflecting layer, but in the experiments 
above described the invisible layer above the flame only was used. By 
proper adjustment of the pressure of gas, the flame at J” can be ren- 
dered so moderately sensitive to the direct sound-wave that the portion 
transmitted through the reflecting layer shall be incompetent to affect 
the flame. Then by the introduction and withdrawal of the bat’s-wing 
flame the two sensitive flames can be rendered alternately quiescent 
and strongly agitated. 

“ An illustration is here afforded of the perfect analogy between 
light and sound; for if a beam of light be projected from B to #’, and 
a plate of glass be introduced at A in the exact position of the reflect- 
ing layer of gas, the beam will be divided, one portion being reflected 
in the direction 4 /} and the other portion transmitted through the 
glass toward #”, exactly as the sound-wave is divided into a reflected 
and transmitted portion by the layer of heated gas or flame.” 

Thus far, therefore, we have placed our subject in the firm grasp 
of experiment; nor shall we find this test failing us further on.— Con- 
temporary review. 
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THE MENTAL ASPECTS OF ORDINARY DISEASE.’ 


By J. MILNER FOTHERGILL, M. D., 
JUNIOR PHYSICIAN TO THE WEST LONDON HOSPITAL, 


Ss? long as the mind was regarded as something separated from the 

body, or only united to it by feeble ties, bodily conditions could 
have nothing to do with mental phenomena—insanity was a disease 
of the soul, The monk, standing over a miserable lunatic chained to 
a staple in the wall, and flogging him in order to make him cast his 
devil out, was a logical outcome of this hypothesis. The union of 
psychology and physiology is the closing of the circuit, in one direc- 
tion, of the pursuit after knowledge, and marks the initiation of a 
rational comprehension of the mind and of its relation to corporeal 
conditions. Jlow such mistaken ideas of the word melancholia, as 
those entertained by the monk in his capacity of physician for diseases 
of the mind, could have attained their sway in the face of the maxim 
mens sana in corpore sano, only becomes intelligible when we re- 
member the ignorance, the superstitious prejudices, the contempt for 
knowledge of the natural man, which found their highest expression 
during the monkish supremacy of the dark ages. Slowly but surely 
was the emancipation of the intellect from the fetters of priestly tyran- 
ny achieved, The days of the minor Trinity—the soul, the mind, and 
the body—are numbered; the advent of a physiological psychology is 
at hand. That insanity which was regarded as an indication of some 
disease of the soul, in whose production the body had no share, is now 
known to be linked with appreciable pathological changes, and in 
many instances is amenable to physical remedial agents. Thought is 
the product of the cells of the gray matter of the brain—the result 
of a change of form in inorganic matter taken into the system as food, 
of which acids and other products of oxidation, of retrograde tissue- 
metamorphosis, are the waste. 

Such being the case, it is obvious, then, that bodily conditions will 
affect the nutrition of the brain, or rather of the cerebral cells, and so 
modify their products, It is not necessary to go into the more pro- 
nounced conditions called insanity for the evidences of such influence ; 
they are to be found in the varying mental attitudes of common Iie. 
It is true, however, that the study of the more marked cases furnished 
by insanity, with their deeper shadows and clearer definitions, is the best 
preparation for the proper recognition and discrimination of the finer 
shades, the slighter changes, which exist among the sane. More 
especially is this the case in attempting to analyze the varying emo- 
tions, At one time all looks bright, cheerful, and encouraging; at 
another, the same prospect looks cheerless and tinted with despair, 
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This change depends upon physical conditions, and a more pronounced 
physical state not only involves the emotional centres, but implicates 
the intellectual processes. Thus, a slight amount of bile in the blood, 
or an excess of renal products, may depress a man with hopeless 
despair or drive him into paroxysms of violent passion, The delirium 
of fever is a familiar instance of the influence exercised by passing 
bodily conditions upon the brain and its produet—thought. 

When the nutrition of the brain is good, we experience an agree- 
able sense of well-being, which shows itself distinetly in after-dinner 
geniality. When the nutrition is imperfect, or the arterial blood is of 
abnormal composition, the consequences are a mixture of irritability 
and bad temper, blended with depression. We are all familiar with 
the crossness of the hungry man; when fasting, crossness is inter- 
changeable with hunger—is often its substitute, and forms a contrast 
with the amiability of repletion. Especially is this irritability seen 
in those whose digestive powers are weak. <A similar irritability 
is the ordinary mental attitude of convalescence from acute disease, 
and either precedes or runs into and coexists with the keen appetite 
usually found at that time. They are linked together by something 
more positive than coincidence, 

The dependence of modifications of the fnnetional activity of the 
cerebral cells upon other corporeal conditions than changes in the 
blood is now well recognized. There are communicating fibres by 
which the brain receives impressions of varying character from dif: 
ferent organs. An impression coming in from some far-away point 
stimulates or inhibits the action of the cerebral eclls. So strong may 
be the impression that actual insanity may result, as in the case, re- 
lated by Schroeder van der Kolk, of a lady who became insane when- 
ever her womb became displaced, and sane again as soon as it was 
returned to its place. 

The effect of several morbid states is to stimnlate the brain into 
greater activity. A non-medical but most aeute observer and able 
writer’ says: 

“Tt seems even that bodily pain and disease are not only compatible with, 
but may directly contribute to, the loftiest efforts of the intellect. They some- 
times positively enhance its powers. The effeet of some disorders and of certain 
sorts of pain upon the nerves is to produce a cerebral excitation; and the stimn- 
lus thus communicated to the material organ of thought renders it for the time 
capable of unusual effort. Men under the stirring influence of severe pain are 
capable of a degree of imaginative and ratiocinative brilliancy which astonishes 
themselves and all who have known them only in ordinary moods of comfort. 
Torpid faculties become vigorous and sparkling. Forgotten knowledge is re- 
covered. Marvelous gleams of insight are vouchsafed them. The wonderful elo- 
quence of Robert Ifall was doubtless greatly owing to the stimulating influence of a 
terrible spinal malady. Dr. Conolly mentions a gentleman whose mental facul- 
ties never reached their full power except under the irritation of a blister. Ab- 


1“ The Enigmas of Life,” by W. R. Greg. 
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normal and unsound conditions of the bodily organs sometimes give us glimpses 
of mental powers and possibilities far exceeding any thing of which ordinary 
health is eapable. The phenomena of some nervous disorders are positive revela- 
tions, and most startling ones, of what the human intellect, disengaged from 
matter or under favorable material conditions, might achieve and learn.” 


When Greg talks of intellect disengaged from matter, he is led 
away into poetical metaphor, which is, however, allowable in one who 
is not a professed physiologist. 

We are all familiar with the effcets of aleohol upon the intellectual 
powers. A gentleman mentioned by Dr. Willis, who was lable to 
periodical attacks of insanity, said that he expected the paroxysms 
with impatience, because, during them, be enjoyed a high degree of 
pleasure. “Every thing appeared easy to me. No obstacles pre- 
sented themselves either in theory or practice. My memory sudden- 
ly acquired a singular degree of perfection. Long passages of Latin 
authors oecurred to my mind, In gencral, I have great diflienlty in 
finding rhythmical terminations, but then I could write verse with as 
great facility as prose.” 

There are two distinet physical conditions under whieh the intel- 
lect seems to possess a power and a brillianey much exceeding the 
normal standard. These two conditions are: 1. The initial or pre 
tubercular stage of pulmonary phthisis; and, 2. The condition of 
chronic gout. Whatever difference of opinion may exist as to the 
explanation of the eause of this high state of mental activity, there 
ean be none as to the fact. There is, as it were, almost an aureole of 
intellectual light around the heads of those who are about to enter the 
fated pathway of pulmonary tuberculosis. To what it is due, it is 
difficult to say. One faetor may be some accession of arterial blood 
to the cerebral cells in excess of the normal flow. We know that 
there are usually an aceclerated pulse-rate and a heightened tempera- 
ment in sueh cases, There may be some nerve-communication be- 
tween the lungs and the yaso-motor nerves of the cerebral vessels, of 
which we are as yet but dimly conscious, which may some day ex- 
plain the matter to us. As to the intellectual power of the gouty, 
there is less diffieulty in explaining it. In the first place, the blood 
of the gouty is highly charged with nitrogenized matter. Carpenter 
has pointed out (* Human Physiology,” see. 62) how desirable a nitro- 
genized dict is for the evolution of nerve-foree, while Iiebig dilates 
upon the effect of food upon the disposition, in his well-known “ Let- 
ters on Chemistry.” M. Metz, of Mattray, found the value of a liberal 
dictary in giving strength of will to irresolute boys in his reformatory. 
An exeess of nitrogen in the system, and especially in the blood, acts 
as a stimulant to the brain-cells in the case of the gouty. This, how- 
ever, is but half of the matter; there is an equally, or even more im- 
portant factor, in the condition of the circulation. 

Careful investigation has demonstrated to us the state of the cir- 
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culation in ehronie renal inadequacy. There is usually decided hyper- 
trophy of the left ventricle, and a high arterial tension, originating in 
a contracted condition of the terminal arteries, As a cousequence of 
this tension, the blood-pressure on the brain is well sustained; and a 
free supply of arterial blood, rendered perhaps more than ordinarily 
stimulating by the presence of nitrogen in excess, evokes a heightened 
activity of the cerebral cells. Simple hypertrophy of the heart is 
mostly found in the subjects of ehronie renal changes. That there is 
a eertain explosiveness in the gouty, together with mneh mental ac- 
tivity, is simply a clinical fact. The exeess of nitrogen in the blood 
stands in a suggestive relationship to the explosive irritability, while 
the high blood-pressure is evidently causally related to the heightened 
mental activity. The two factors requisite for rapid evolution and 
discharge of foree by the cerebral cells are found together under the 
above-named combination. If the changes in the circulation are im- 
perfect, and the blood-pressure is but low, or even normal, the gouty 
person is not mentally inactive, but is despondent. 

Bichat observed that the length of the neck exereises an influence 
over the ental activity of the individual. Persons with short necks 
have a better sustained power of work than those who have long 
necks, or, in other words, other things being equal, the brain, which 
is snperimposed on a short neck, has an advantage over the brain fed 
by a long earotid artery. Wan der IXolk is in agreement with Bichat 
upon this point. An extensive series of observations inclines me to 
agree with them, 

Van der Kolk also quotes from Haller the observation that rickety 
children have generally large heads, and possess quiek perceptive fac- 
ulties ; aud that the blood-vessels of their heads are distinguished for 
their large calibre, Certainly such children are commonly very pre- 
eocious, There is a point, however, in relation to this matter which 
must not be overlooked. MRickety children are usually of scrofulous 
tendency, and in the scrofulous there is usually an excess of lithates 
in the blood, which will not be without the ordinary effect exercised 
by nitrogen on the brain. The great Dutchman also states, “It is a 
known fact that hunchbacked individuals, in whom the blood flows 
more quickly and strongly toward the brain, are remarkable for vivaci- 
ty of spirit.” It will not do, in this consideration, to leave out of the 
question the possibility of a mental factor; that the physical deform- 
ity turns the mind of the individual toward mental cultivation as a 
eompensation for bodily defects. Granting this, we must also remem- 
ber that mere will and perseverance exercise a limited influence, and 
only permit a brain to make the most of itself. What exists there 
potentially, it may draw out into actual manifestation; but with this 
the power of the will ceases. An effort of the will may and does 
dilate the blood-vessels of the brain, and permits larger circulation 
through it; bat the general blood-pressure in the systematic vessels 
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is an important matter in sustaining the intereranial flow. If the gen- 
eral blood-pressure in the vessels of the head and neck is high and well 
maintained, then a brain ean work up to a much higher power, just as 
a steam-cngine may be worked up to a higher pressure, and so become 
actnally more powerful. 

While we recognize the fact that mental conditions are causally 
associated with the amount of the blood-supply, indeed to a great ex- 
tent rest upon it, it must not be supposed that I wish to under-esti- 
mate the importance of the condition of the cerebral cells themselves, 
either as to their inherited peculiarities, or as to the conditions pro- 
duced by the experience of the individual. Such consideration is, 
however, without the sphere of the present paper, which deals with 
ecrebral manifestations in relation to ordinary disease, and not with 
those ailments which belong to the province of the alienist physician, 
To one form of disorder of the cerebral cells alone may reference be 
made here, and that is as to the effects of mental over-strain. Brain- 
tissue ean be developed by exercise, and worn out by overwork. 
When this latter condition has been induced, there exists that irrita- 
bility which forms part of the early stage of the exhaustion of nerve- 
matter. In all overtried brains there is much irritability and ten- 
dency to manifest what we term temper, This fact we learn in time 
about the individual, but we are somewhat slow to recognize it in the 
abstract. It is socially desirable and important that such recognition 
be more general. 

In considering the associations existing between cerebral mani- 
festations and certain conditions of the organism, and the effect exer- 
cised by the latter upon the former, it is important to bear in mind 
that the brain is divided into two vascular areas: 1, The anterior, 
fed by the internal carotids; and, 2. The posterior, fed by the basilar 
artery ; nor is the amount of inoseulation in the intereranial cireula- 
tion such as would allow viearions action to make good a deficiency 
caused by an interference with the direct supply of either area. These 
two vascular areas contain brain-cells with different properties and 
functions. There is much reason to believe that the emotions and 
systematic sensations lie on the posterior area; and that the intellect- 
ual and motor powers, together with general peripheral sensations, lie 
on the anterior area. In other words, the posterior area is associated 
with the organic processes of ihe system; the anterior with the ani- 
mal life—with the relation of the organism to its surroundings. The 
vaso-motor nerves of these two areas are differentiy derived. The 
nerves of the cerebral arteries spring from the lower ganglion of the 
great sympathetic nerve in the neck, into which rnn the fibres ascend- 
ing from the abdomen; while the carotid arteries derive their vaso- 
motor supply from the middle and upper ganglia. Thus we can see 
how the emotions sympathize with the organic processes, especially 
those located in the abdomen, and so can see melancholia in a new 
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light ; can comprehend how mental depression may wait upon and 
depart with abdominal disturbance. ‘The disturbance does not extend 
to the intellectual processes ; the emotions alone are involved, The 
sense of well-being, or of discomfort, depending upon systemic condi- 
tions, tells of the relation existing between the emotions and the or- 
ganic processes ; and the nerve-tracks just described enable us to com- 
prehend the subject more clearly. 

There is an interesting point connected with this division of the 
cerebral hemispheres, and the functions of each division, to which we 
may advert. It is the association existing between states of emo- 
tional depression and abdominal disease, and the comparative absence 
of such depression in affections of the lungs. Marshall Hall writes: 
“The temper of the patient is singularly modified by different dis- 
orders and diseases. The state of despondency in cases of indigestion 
forms a remarkable contrast with that of hopefulness in phthisis pul- 
monalis, and other serious organic diseases.” 

In diseases of the lungs, the condition of depression is rarely pres- 
ent, and, when so present, is possibly due to some abdominal eompli- 
cation; though, of course, some of the existing depression may be 
fairly attributed to the anxiety naturally arismg from an intelligent 
comprehension of the danger impending. In tuberculosis of the lung 
there is commonly such an emotional attitude in the patient as has 
earned for itself the designation of spes phthisica, Here the hopeful- 
ness is as irrational as is the depression of some other affections, The 
consumptive patient just dropping into the grave will indulge in plans 
stretching far into the future, ignoring his real condition, and the mm- 
possibility of any such survival as he is caleulating upon. It is a eu- 
rious yet a familiar state. ope seems to rise above the intelligence, 
just as in certain abdominal diseases there is a depression which defies 
its corrections. The intellect is not equal to finding the true bearings 
or of correcting the exalted emotional centres. In curious relation to 
these conditions stand well-known differences of the pulse. In chest- 
diseases the pulse is usually full, sometimes bounding; in abdominal 
disease it is small and oftenthready. The pulse of pneamonta and the 
pulse of peritonitis are distinctly dissimilar and contrast with each 
other. Jt is well known that there is much more tendency to collapse 
in abdominal than in thoracic disease; taking the conditions of the 
pulse together with the emotional attitudes of these affections, the 
synthesis is unavoidable that some effeet is produced by the tubercular 
disease in the lungs npon the emotional centres 2s opposite to the 
effect of abdominal disease as are the varied effects upon the pulse; 
and further that the result is probably produced through the cireula- 
tion. The explanation which is shadowed out, for it really does not 
amount to more, is that abdominal disease causes a depletion of the 
emotional centres—of which depression is the outward indication— 
while phthisis leads to a plethoric state associated with exalted emo- 
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tional conditions. In either case the intellectual and volitional cen- 
tres appear unequal to the task of maintaining the balance which nor- 
mally exists. Asa matter of fact, there are certain mental attitudes 
found in some diseases which are so regularly present, so well marked 
and pronounced, that they may fairly be included asa part of the 
rational symptoms. So commonly is mental depression found along 
with biliary disturbance that the name melancholia was given to these 
conditions of mental gloom; and modern observation is but estab- 
lishing the propriety of the term, 

Allied in essence to melancholia is the panphobia, or “ low spirits,” 
common to women generally, but especially found in the abitués of 
our out-patients’ rooms. It is the ery of the suffering brain for better 
nutrition, for a more liberal supply of arterial blood, There is much 
emotional mobility and the patient is easily moved to a flood of tears 
by the slightest exciting cause. Under different circumstances relief 
from the depression is sought in alcohol, and this is the most depraved, 
the most hopeless, and the deadliest of all forms of habitual intoxica- 
tion, the more hopeless from its being based on physieal conditions ; 
or it stimulates the spinster and the widow to a pseudo-religions exist- 
ence, where the religious fervor is the measure of the cravings of the 
ungratified physiological aspirations. 

We do not consider, perhaps, because the subject is repugnant to 
us, how much our psychical attitude, even to religious, the highest of 
all thought, is based upon conditions of the body; that body which 
theologians of the old school denominate vile, whieh they would tram- 
ple under foot, nay, even ignore, yet which is reigning supreme and 
dominating and directing them in their highest aspirations, What a 
terrible revelation this gives ns of the psychological attitude of the 
monk, who thought to subdue his inborn passions by scourgings, fast- 
ings, sleeplessness, and religious exercises, when all the while he was 
the victim of their thwarted and riotous activity as they crowded his 
mental horizon with gloomy or sensual images and presented a future 
of everlasting damnation to his superstitions vision ! 

Another form of psychical disturbance is furnished by the pertur- 
bations termed hysterical attacks, and which usually occur under cir- 
cumstances of repressed passion, There are an exeitability and mo- 
bility about the person which tell how the emotional centres are 
quivering and vibrating under the tension to which they are subjected, 
and the emotional oscillations, from weeping to laughing, indicate 
that the emotions are no longer under the control of the volitional 
centres, This loss of equilibrium becomes more marked when any 
aisturbance of the bodily health leaves the organism at the mercy 
of these emotional storms. Iysterical attacks are generally explo- 
sive discharges of the emotional centres, as epilepsy is of the motor 
or mania transitoria (demoniaeal possession) is of the volitional 
eentres, They all resemble the “blowing of the engine” when it 
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has stood still some time and the steam-pressure is becoming dan- 
gerously high. 

Much mental instability is found among sufferers from chronic 
heart-disease, and many and pronounced are the mental modifications 
induced. In one case, I remember well, a very old patient, who was 
the subject of aortic obstruction, became remarkably polite when the 
results of the cardiac lesion were very marked, a mental attitude far 
removed from that which he liabitually assumed. Usually a totally 
opposite character of change is produced, and the effect is to cause the 
mental operations to be imperfect, unsustained and unequal, while 
there are present suspicion, doubtfulness, vacillation, and caprice. 
Indeed, the mental change is usually for the worse; and along with 
intellectual enfeeblement there is an alteration of the emotional prod- 
uets which we have seen to be allied with cerebral depletion. The 
false and morbid feelings which are the products of imperfectly 
nourished cerebral centres bear the same relation to normal thought 
that Emerson says evil does to good—it is good in the making; and 
more perfect elaboration of the outcomes of emotional centres would 
give us healthy instead of morbid feeling. 

The mental attitude of sufferers from heart-disease is usually one 
of caprice, unsustained volition, together with suspiciousness and 
groundless fear—imperfect emotional products. 

Another marked mental attitude is furnished by those who suffer 
from gout in any of its forms, for suppressed gout is the most protean 
of diseases, We have already seen how gout-poison stimulates the 
intellect in the earlier stages of granular kidney ; what we may now 
consider is the mental modification produced by advanced disease. 
There is a mixture of explosiveness, the gouty temper, with suspicion 
and depression, the consequences of spasm of the intra-cranial arte- 
ries. Instead of the well-sustained blood-pressure of the early stages 
with the stimulant gout-poison irritating the cerebral cells into activ- 
ity, we have the stimulant quality of the blood together with an im- 
paired and insufficient supply. The resultant product is a blended 
compound of irritability and suspicion, bad temper and anxicty, the 
latter all the more aggravating from a consciousness that it is not 
mere illusion, but an emotional hallucination. 

Such individuals are the terror of their dependents and the bétes 
noires of their domestics. There is such a villainous state of temper, 
at times ascending to ferocity, that the person becomes simply intol- 
erable; the unfortunate sufferers themselves being still further tor- 
tured by the haunting impression that they are utterly unreasonable, 
and that their attitude does not arise from any provocation from with- 
out, but that it takes its origin in some abnormal condition existing 
within. In one case well known to me the sufferer sought relief in 
religious exercises, in resort to her Bible and to prayer—it is needless 
to say without the desired result. What she needed was not spiritual 
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discipline, not correction of the mind through the soul’s portals, for she 
was a trnly good and high-minded woman, but a remedying of the 
bodily condition on which the mental state causally depended. As a 
matter of fact, well-directed treatment produced a restoration of the 
normal feelings and emotions which all the spiritual exercises had sig- 
nally failed to achieve. 

Another peculiar and fairly-pronounced mental attitude is that 
furnished by the victim of cancer, The form assumed here is that of 
sullen and defiant submission to the inevitable. There is rarely any 
active and positive attempt made by the sufferers themselves to avert 
their doom. There is, as it were, a volitional control exercised over 
the impulses, which is marked, and the sufferer submits to a grip he 
sees no chance of eluding. But it must not be supposed that there is 
an abolition of the instinct of self-prescrvation; it is merely subordi- 
nated. That this is the actual attitude is shown by the fact that 
when the mind is wandering at the last, especially in gastric cancer, 
which interferes so much with nutrition, the patients in their delirium 
commonly ask for a knife in order to excise the hostile malignant 
growth which is involving their existence. 

The mental attitude of pyeemia (alteration of the blood by pus) is, 
again, quite distinct from any of the foregoing. It is that of abso- 
lute indifference. From the first long shivering fit which marks the 
initiation of the fateful disease, the mental attitude is usually that 
of imperturbable indifference. Marked by utter unconcern as to the 
course of the disease, it contrasts very strikingly with the ill-founded 
hopefulness of hectic, and especially of pulmonary phthisis. Of course 
it is not asserted that the mental attitudes described are invariable 
and ever present in the different diseases; only that they are so com- 
mon that they cannot be regarded as mere coincidences, 

In diabetes mellitus, too, there is a condition of mental languor 
and depression, which is as marked as the muscular lethargy and las- 
situde manifested by sufferers from that affection, and which often 
precedes those physical symptoms which we are too much inclined to 
regard as the chief indications of that disease, 

The condition of the mind in the delirium of fever is a subject of 
much interest, albeit it is surrounded by many difficulties. The great 
one is that people at large are too much accustomed and inclined to 
regard delirium as aimless, objectless mental action—a chaos of bro- 
ken ideas and unconnected thoughts, or an uncovering of the sewers 
of the mind, the revealing of secrets not always innocent. The first is 
the way in which they regard it in others, the latter, the form in 
which they apprehend it in themselves, so that there is not given to 
it that intelligent attention the subject deserves; nor are those imme- 
diately and constantly around the delirions patient likely to possess a 
calm, dispassionate, and competent capacity to attend to what is going 
on in his mind, so far as it finds expression in words. The anxious 
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relatives and the overworked paid nurse do not possess the qualities 
requisite for correct observation of this complex condition, even if 
they could be induced to make the nature of the delirium the object 
of their attention. The impressions remaining on my own mind of my 
thoughts during a pretty sharp and well-sustained delirium, due to a 
grave attack of searlatina, are that there were two leading ideas dom- 
inant in my mind; the one in relation to my surroundings, the other 
in relation to my aims and my occupation. The first, though less pre- 
dominant, were distinetly the more vivid impressions, and they were 
not only very unpleasant, but their remembranee is ineffaceable. They 
arose chiefly through the weakened senses, especially the sense of 
sight. The bedroom I had oceupied for years had been rearranged 
to adapt it to the necessities of a sick-room, and, on waking, the eye 
did not immediately recognize it. This at once gave a direetion to 
the wandering thoughts, and the leading idea was to get home. The 
opposition offered to my attempt to eseape seemed to me so unjust and 
improper that violence must be resorted to in order to overcome it, 
and then followed a wild, delirious struggle, terminating in complete 
exhaustion. This opposition engendered a strong feeling of personal 
dislike, blended with suspicion toward those around me, and their kind 
attentions were interpreted by the reeling brain as unjustifiable inter- 
ference with natural and intelligible wishes. The remembrance of the 
fecling of dislike thus originated remains sufficiently strong to occa- 
sionally tint the thought yet; for the residua remaining in the cere- 
bral eells exercise an influence on the thought-eurrents when passing 
over them. 

The other source of disturbance was the influence of the lines of 
thought which were predominant in the mind ordinarily. These formed 
the chief subjeet of my wanderings during the delirious period. At 
times, the impression that certain patients ought to be seen would be- 
come so vivid that I desired to be dressed in order to pay the required 
visits. Opposition to this, of course, aroused indignation and resent- 
ment, and strengthened the suspicions already excited by the restraint 
exercised to prevent, as I imagined, my returning home. 

The remembrance of the condition is still sufficiently vivid to ex- 
plain the mental attitude of those whose intellect is waning, either 
from dotage or from a like condition of brain-tailure inaugurated by 
acute disease. Why their relations, who attempt to contradict or to 
control them—not always with the happiest taet—are objects of dis- 
like and suspicion, is intelligible enough ; as also why attendants who 
humor and eajole them are thereby endowed with a potential, undue 
influence. The brain, becoming less and less funetionally eapable, is 
more and more unequal to the correction of its ill-founded or unjust 
dislike. 

There is nothing monstrous in the mental products; there is just 
that deviation from the rule that might be anticipated when the func- 
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tional activity 1s modified by structural changes. There is not a new 
line of thought instituted, leading in opposite directions to the normal 
thought, but a misdirection of the ordinary mental processes. There 
is, however, a certain amount of illusion which, when pronounced, or 
when the effect upon the brain-cells is such as to cause an evolution 
of distinctly-erroneous thought, or actual hallucinations, indicates 
that the frontier of sanity is crossed. 

Such considerations will enable us to observe and to comprehend 
that initiatory stage of mental impairment which precedes obvious 
and well-marked dotage. The earlier stages, the lighter shades of 
mental failure, of waning brain-power, are distinct enough to the 
trained eye, long before those more obvious changes are reached 
which are recognized by the untrained observer. Such mental changes 
are commonly found in those undergoing degenerative physical 
changes, not only in the very aged, but in those passing into prema- 
ture decay; in fact, mental impairment and decay are but the evi- 
dences or outcomes of the implications of brain-tissue in the general 
degeneration, We are, of course, most familiar with such changes in 
the very old, in whom we regard them as almost normal. The mental 
grasp is imperfect and illusive ; petulance and caprice are the charac- 
teristics, especially of those in whom the intellect was never very 
strong. Their intellectual vision is deceptive and untrustworthy. A 
dim consciousness of some such change obtains in the mind, and makes 
them deeply suspicious and extremely susceptible, and ready to take 
offense at the slightest indication by others of a knowledge of their 
growing Incapacity. Nor can we feel surprised at this sensitive 
suspiciousness. Mental decay cannot be a pleasant matter for those 
undergoing it, and no wonder they are excessively jealous of any alter- 
ation of manner or attitude, 

A similar condition of enfecblement, combined with excessive 
jealousy and deep-rooted snspicion, is furnished by those who have 
anticipated the normal time of senile deeay by habits of drunkenness. 
The man who is beginning to yield under persistent aleoholization, 
and who feels that his powers are giving way, is generally suspicious 
and jealous, if not actually malicious. The intellect undergoing pre- 
mature degeneracy is more readily and easily provoked than is that 
of a person entering normal dotage; while there is often coexistent a 
certain amount of spasmodic vigor of temporary active irritability. 
Such persons are simply dangerous to those dependent upon them, and 
not to be trusted—their mischievousness being only restrained by 
their incapacity to execute or put in force their malicious designs, 

There are two other mental attitudes which are not directly asso- 
ciated with bodily disease, but which exercise so distinct an influence 
over physical conditions, especially in sickness, that they may not im- 
properly be considered here, though not quite falling within the scope 
of this paper. One is that condition of mental impairment in which 
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the intellect becomes servile. It is usually shown by elderly people, 
who are utterly dependent on the bounty, and therefore on the will, of 
others. That such a condition of helpless submission should obtain 
under these circumstances, and especially in women, is readily to be 
conceived, The utter helplessness and entire abolition of self-conti- 
dence so induced have a most pernicious effect wpon the mental pro- 
cesses; the intellect becomes restricted, and solely directed toward ob- 
serving and accommodating themselves to the varying moods and 
passing caprices of those upon whom they depend. Chameleon-like, 
they change color with every new shade of opinion with which they 
come in contact, until at last they lose their individuality altogether. 
The mental condition of these unhappy beings is pitiable in the ex- 
treme; there is a paralysis of all volition, “ Everywhere and ever, to 
be weak is to be miserable,” and cunning is the only refuge of the 
feeble. This mental attitude is a matter of moment, and needs recog- 
nition when such persons become objects of medical care, and must be 
included in the formation of a prognosis; the mental instability and 
tendency to oscillate being very troublesome, and interfering with the 
working of every systematic plan. Under totally different circum- 
stances, a similar brain-starvation is manifested by those persons who 
voluntarily cultivate a mental predisposition to religio-melancholia. 
Their aspirations, originally directed by their surroundings, are ulti- 
mately guided by an artificial substitute for the will whieh they in 
time develop. It is the psychical side of a question of which the 
physical side has been discussed before. The intellectual imbecility 
eventually reached under these circumstances is something pitiable. 
The intellect is prostrated before an irritable conscience, rendered 
morbidly sensitive by persistent self-introspection fostered by vigils, 
developed by fasting, and misdirected by a cramped and imperfect 
education. The influence exercised by this condition of intellectual 
enfeeblement also becomes practically important when any line of 
treatment has to be pursued, and especially so in that complex com- 
bination of dyspepsia and constipation to which such persons are so 
subject. With such persons, the plainest and simplest truths of the 
natural man seem to take on the aspect of most abstruse and difficult 
problems; the fullest explanations and clearest directions are insuffi- 
cient to enable their enfeebled intellects to grasp the subject. Super- 
stitious credulity displaces reasonable belief, and enervates the mind 
until it can evolve no healthful thought; the morbid activity of 
pseudo-religious sentiments induces such a palsy of the moral nature, 
that it becomes incapable of rising in revolt or of seeking to escape 
its intellectual thraldom. 

In those who are exhausted and worn out by toil, either mental or 
physical, or both combined, but usually by strenuous bodily labor, 
united with petty mental anxieties and fretting, wearing thought, 
a condition of brain-degeneration is produced, which exercises much 
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effect upon the progress of any ailment requiring medical treatment. 
This class of cases occupies a sort of disputable ground, a border ter- 
ritory which scarcely permits of their being included in hand-books 
of insanity, nor yet in the ordinary systems of medicine. They are 
considered here among the aspects—not as outcomes of disease, as are 
the mental attitudes described in the earlier divisions of this paper, but 
rather as mental conditions, not normal nor yet insane, which exercise 
much influence over the progress and course of ordinary ailments. 

Finally, there is a condition of temporary, evanescent brain-impair- 
ment, which is produced by acute disease, and especially by severe 
attacks of fever. The mental faculties are usually somewhat impaired 
by severe attacks of typhoid fever, and soldiers, after recovery from 
such, are not put on sentry duty for months, as they are pretty certain 
to forget the watchword and countersign. At other times, more 
marked impressions are made; certain acquirements are entirely lost, 
or the mind may even become a smoothed tablet. Many curious in- 
stances of such effects are furnished by Abercrombie, in his well-known 
work, “ The Intellectual Powers,” and by Carpenter, in his recent work 
on “ Mental Physiology.” Commonly enough, this passing condition 
of brain-impairment is followed by an accession of mental vigor and 
a condition of intellectual activity which remain permanently and 
exercise an excellent influence over the after-life of the individual. 

The relations of body and mind are becoming much more compre- 
hensible and better understood since Science has shaken off the incubus 
of theological teaching as to the severance of soul and body; that 
baneful psychology is now thoroughly undermined ; the erroneous and 
mischievous superstructure is cracking and gaping on every side, and 
ere long the ground occupied by a crumbling ruin wili be covered by 
a gradually growing erection, based on a foundation of facts, and 
reared by an expanding intelligence. 


BIOLOGY FOR YOUNG BEGINNERS.’ 
By SARAH HACKETT STEVENSON. 


Il. 


Glee the chimney-corner by the kitchen-fire stood a quaint stone jar 

that every winter morning bubbled over with the light, gray 
foam of buckwheat-cakes. While our “mouths watered,” our minds 
wondered—wondered at the magic by which so many cakes were 
made out of so little flour. We believed there were fairies in the 
yeast ; but it was only the other day that I succeeded in finding these 
fairies, and I want to tell you how you may find them too. 


1 From “ Boys and Girls in Biology,” in the press of D. Appleton & Co. 
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To begin with, you must have a spoonful or two of yeast to look 
at while I talk. You will probably notice first a number of bubbles, 
like soap-bubbles ; but, instead of common air, the yeast-bubbles con- 
tain a gas made by the yeast—carbonic-acid gas. Next you will no- 
tive the brownish color of the yeast; it grows thicker and muddy, and 
after an honr or so begins to rise. This rising the chemists call fer- 
nentation; biologists eall it growing. The spoonful has become a 
cupful. The yeast is really alive, and it is one of the simplest forms 
of life. In studying biology, then, or the science of life, we begin 
at what seems the beginning. 

All that I have described you can see with your own eyes; but 
now I must tell you something about the yeast which you could never 
find out with your eyes alone. With the aid of the microscope, a 
great many little solid bodies are seen floating about in it. Some- 
times they are found alone, but most frequently in groups (Figs. 1-5), 
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and each one is about sj55 of an inch in size. Though they are solid, 
yet we can see through them, and they are always round (Fig. 1), 
some of them not quite as round asa ball, more like a lemon (Fig. 
2), but none of them are square or flat. The cover of each one is 
double (Fig. 3), that is, it has an outside and an inside, Under the 
microscope, these two surfaces look like two round lines, one within 
the other (Fig. 6). Inside these lines is something which looks like 
little grains (Fig. 7); and this whole cover, with all that is inside of 
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a, Jelly. or Protoplasm: 
b, Thin Space, or Vacuole. 


it, is called a cell. Now you must learn of what these cells are made. 
First there is the outside part, which is like a bag or sac. This bag 
is tough and solid, and is full of a jelly-like substance, which is thick 
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and brownish, next the wall of the bag, but thinner and more trans- 
parent toward the centre (Fig. 8). This jelly (@) is ealled proto- 
plasm, and the thin space (/) in the centre is an air-cell or vacuole 
(Fig. 9). If you eolor the yeast-eells, you can see the different parts 
much better. A drop of magenta will pass right through the sae 
without staining it at all. The cell-jelly, or protoplasm, will be quite 
red, and the vacuole will not be colored, though it may look pinkish, 
because you see it through a layer of the protoplasm (Wigs. 10, 11). 
Now, if the cell were all made of the same material, it would probably 
all be colored by the magenta. 

These eells are called torule—a single one is a torula. The word 
means a little knobby swelling. You will soon see how it comes to 
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have this name. If you have followed me carefully, better still if you 
have seen it all for yourselves under the microscope, you know that 
the torule are alive, and that they grow. Every thing that grows 
must have food. Now, whence does the torula get its food? From 
the liquid in whieh it floats. Wat is this liquid? The greater part 
is water, but if you sow yeast in pure water it will hardly grow at 
all; but if you put in ever so little sugar, it will froth and bubble con- 
siderably. If besides the sugar you give it the least bit of ammonia, 
magnesia, lime, and potash,’ it will thrive splendidly, The torula 
takes in this food, and ehurns it up into that “elixir of life” or pro- 
tein, woody cells or cellulose, and fat. Then, if you watch carefully, 
you will see a whole lot of little buds coming out around the edges 
of the wall (Fig. 12); hence the torula is really a little knobby swell- 
ing. Some of the buds have other buds at their edges ; all these bnds 
are the little baby-torule, By-and-by they break away trom the old 
mother-torula, but they always pay visits baek and forth, and some- 
times build their houses right next the parental roof in clusters (Fig. 
13); at other times they build in long rows, like a chain or a string 
of beads (Fig. 14). Of this you may be sure, every torula has a 
mother. People have been trying to prove for two hundred years or 
more that these little specks of life can make themselves. Some time 
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I will tell yon how you can prove that this is not true. These little 
toruke float about in the air, or sleep in any dry place, never showing 
that they are alive till they are planted in some nest or nidus, When 
the cook dries her yeast-cakes, she puts all the little torule to sleep, 
and there they go into winter quarters, or hibernate in their cells, 
like the bears in their caves. 


Fie. 1.—Ceti anp its Beps, — Fic. 18.— Tue Bany TorvLs# Grorrep Fie. 14.—CEtis LiInkKED To- 
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There is still another appearance of yeast. Vet your cup of yeast 
stand long enough, and do not add any more sugar or water to it, 
you will find that the bubbling or fermentation stops, the tornle settle 
to the bottom, and the fluid comes to the top. This fluid has a strong 
or biting instead of a sweet taste, like the fluid into which yon first 
placed the yeast. The fermentation has changed its nature—the fairy 
tornle with their magic wands have turned the sngar into carbonic 
acid, alcohol, glycerine, and succinic acid. These are called the prod- 
ucts of fermentation, The carbonic acid, you know, passed off throngh 
the bubbles, the other preducts are still in the fluid. A little of this 
finid will make you merry; if you take much of it, you will become 
intoxicated. This is due to the aleohol, and the valne of yeast de- 
pends upon its power to make alcohol, You may know that the fluid 
is alcohol if, when you touch it with a lighted match, it burns with a 
bine flame. 

Now, I have told you the tornla grows—it has life; but how does 
it grow—as a mincral, a vegetable, or an animal? The mineral grows 
larger and larger by additions made to its outside, This is called 
erowth by accretion. But the torula or yeast-cell grows by taking 
in new substance in among the particles of its old substance, and this 
kind of growth is called by a long name—intussusecption. This is 
one of the reasons why it is not a mineral. Is it an animal? The 
line that divides the animal from the vegetable kingdom ts not very 
well marked, but there are two reasons why the torula is not an ani- 
mal, In the first place, its jelly or protoplasm is shut up in a close 
sac, but the protoplasm-jelly of animal cells forms a wall of itself. In 
the second place, the torula ean make its own food or protein out of 
the raw material it finds in the liquid, while the animal cells seem to 
have no such power; they must have their protein already made, and 
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their work is to destroy it. So, if the tornla is not a mineral nor an 
auintal, it must be a vegetable. Vegetables are the manufacturers or 
producers of protein; animals are the destroyers or consumers of it.’ 
You have now found that the torula or yeast-cell is a plant, and not 
an animal. The next question is, What kind ofa plant is it? Mostly 
all plants need the sun, but the yeast-plant grows as well in the dark 
as in the light. Plants that need the Hght are always green; they 
take in earbonie acid, and give off oxygen, but the torula has no green 
color, and it takes in oxygen and gives off carbonic acid. Those plants 
which give off earbonie acid, grow in the dark, and are not green, are 
called fungi. The mushrooms and toadstools are fungi. Now let ns 
see how many things you have learned about yeast: First, that it is 
alive; second, that it is a plant; third, that it is a fungus. 


When first you try to study this lobster, you will perhaps thiuk, 
as I thonght, “ How can I straighten out such a queer, erusty, clawy 
thing as that?” But, though the lobster looks as hard as the Greek 
alphabet, he is as easy as your own A, B, C, when once yon find him 
out. You know the corolla or crown of the bean looked so hard, lnut 
it all came ont nicely into five leaves, or petals, as scon as youn knew 
how. Now let us see if we ean find and name the different parts of 
the lobster. (You must have a real Jobster before you to look at 
while I] talk. The crawfish or crayfish that lives in brooks and rivers 
is fashioned after the lobster, only smaller; so one of these ean he 
studied by those of you who live inland.) One thing is very certain 
—he has a great many different parts, very unlike eaeh other. First, 
you see (Fig, 15), he is covered with a shell, which, like the mussel’s 
and elam’s, is his exo-skeleton, This shell is very hard, like stone, 
and it is colored purplish black with pale spots here and there. The 
lobsters which you see in shops are always searlet. When these poor 
fellows are caught, they are plunged alive into boiling water, which 
turns the blaek coat red, This outside shell or exo-skeleton is made 
np of a great many different pieces, instead of two, as the mussel’s ; 
but those pieces are shaped and joined in such a way as to inake three 
divisions of the body—a head, a thorax, or breastplate, and an abdo- 
men, The head-piece of the shell is pointed in front, forming the 
beak or frontal spine (Fig. 15). Behind this head-piece is a groove or 
seam where the head joins the breast or thorax, making the two pieces 
of shell which cover the head and breast all one. So the first and 
second divisions of the body thus joined in one are called the ecphale- 


‘Such plants as the Venus fly-trap seem to be an exception to this demarcation be- 
tween the two kingdoms. These plants really digest protcin matter, being supplied with 
what may be termed prehensile organs for capturing their prey. Dr. Tooker suggests 
that these plants are not exeeptional and singular; that they simply continue through 
life the proeess begun by the germ when it nourishes itself upon the ready-made food 
stored up in the seed. 
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thorax or head breastplate. The large piece of shell, with the seam 
that covers the back and sides of the cephalo-thorax, is called the 
carapace or shield (Fig. 15), It is the front sharp point of this shield 
(carapace) that is called the frontal spine or beak, Behind the head 
and breast (cephalo-thorax) lies the third division of the body—the 
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abdomen—whici is made up of seven pieces or joints. The first six 
joints are called somites (lig. 15) or bodies, and the last joint or tail- 
piece is called a telson, whieh means end, So the body of the lobster 
is made up of six somites anda telson. Each body-picee has a pair 
of soft-jointed paddles on its under side (Figs. 15, 16), and these are 
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called swimmerets or little swimmers, The lower joints of these 
paddles have two broad, flat toes. The paddles on the last or sixth 
somite are different from the others; they are wider and turned 
backward (Hig. 15) so as to lie at each side of the tail-picce, telson ; 
aud these great-fingered paddles, taken with the telson, form what 
is called the tailfin. The under or ventral part of each somite, which 
lies between the paddles, is called the sternum. The rounded upper 
or dorsal part of the body-picce is the tergnm, which means the 
back. In front of the abdomen, with its somites, is the cephalo- 
thorax, This cephalo-thorax has a tergum, or back part, a sternum, 
or under part, a pleuron, or side part (Fig. 15), and so many things 
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Fie. 16.—OnE or Lopster’s Bopy-piecrs, on SOMITES, 

are hanging down from it one ean hardly count, mueh less learn them. 
Counting from behind forward, you will find between the lobster’s 
body, or abdomen, and the head, eight pair of jointed legs, one pair 
much longer and larger than the others, with huge pincers at the 
ends. <All these eight pair are called the thoracic appendages, be- 
cause they are fastened to the thorax, or breastplate. The lobster uses 
the four back-pairs for walking, and so they are called the ambulatory 
limbs. The lnst pair has seven joints, and every joint works in a dif- 
ferent direction ; so, when these hind-legs start off, it is hard to tell 
where they intend to go, The next pair of walking-legs are like the 
hindmost pair, except that the first joimt sends ont a piece above it, 
which is kept out of sight ina little room in the side of the lobster 
(Fig, 22), We shall say more about this room by-and-by. The 
two front pair of walking-legs send up pieces also into this chamber, 
but the end of the leg is different from the last two pairs, for they 
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have pincers, or chele. Now we have come to the largest pair; the 
chelz, or pincers at the ends, are so large and strong that they are 
called the “ great chele.” They are the lobster’s weapons of defense, 
When he is taken prisoner, that is, seized by one of his claws, he qutet- 
ly leaves the claw in the hands of his astonished captor, and beats his 
retreat as fast as possible. Ile has another odd way of laymg down 
his arms when he is frightened by a great noise, such as thunder, or 
the firing of acannon, It is no uncommon thing to find a number of 
these broken swords lying about among the rocks, showing where 
there has been a lobster fright or fight. As soon as one claw goes, 
another takes its place, but it is some time before the new one gets as 
long and strong as the old one, You will notice quite a difference 
between the two large claws, or forceps. In one, the teeth are large 
and blunt (Fig. 17), and in the other they are very sharp (Fig. 18). 
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Fig. 17.—LarGr-rootuep Claw. Fig. 18.—Smati-Tootuep CLAW. 


The blunt-toothed pincers the lobster uses as an anchor to moor him- 
self, while with the other he attacks and seizes his prey. So much 
for the great claws, or chele. The next three pair are ealled mawilli- 
pedes, or foot-jaws, becanse they act both as teeth and fect (Fig. 15). 
The hindmost foot-jaw has three divisions, One branch passes up 
into the side-chamber of the Jobster; the middle branch is long and 
jointed: this, and its fellows on the other side, act as a pair of scis- 
sors, cutting the food. The third branch is jointed, and is a walking- 
lee. The middle foot-jaw (maxillipede) is mueh like the last, while 
the front one does not send a piece upward into the side-chamber (Fig. 
22), and one of its branches is flattened out, so as to look like leaves, 
The four walking-legs, the great pincers (chel) and the three pair of 
foot-jaws (maxillipedes), making eight pair in all, belong to the lob- 
ster’s breast (thorax). Now we come to the head, which is provided 
with six pair of “ hangers-on,” or appendages. The two back-pair be- 
longing to the head are called maxille, because they lie at the side of 
the mouth, and are like jaws. The hindmost of the jaws—or maxille 
—on each side has a boat-shaped, or oval plate (Fig. 22), which Hes 
at the front entranee of the side-chamber, about which we will hear 
more presently, The ends of the front pair of little jaws (maxille). 
are leafy, like those of the front pair of foot-jaws (maxillipedes), Now 
we come to the jaw itself, or mandible, which has strong teeth, bears 
asmall appendage, the palp, and lies at the side of the mouth. From 
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all this you see that the mouth of the lobster is well armed with teeth 
and scissors to tear and cut its food. Counting from the front, it has 
first the true jaws (mandibles) ; then the two pair of little jaws (max- 
ile); and these are followed by the three pair of foot-jaws (maxilli- 
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pedes) making, altogether, six pair, which are all turned up against 
the mouth, In front of the jaw are two very long jointed teelers called 
antenna, but you seldom see them at their full length (Fig. 15); they 
are easily broken (Fig. 19). Next to the feelers (antennw) are two 


little feelers, or antennules (Figs. 15, 20); and last of all, in front, 
comes a pair of joints which support the eyes (Fig. 21), called the 
optie pair of appendages, Now let us begin with the eyes, and go 
back to the tail, to see how many pairs of feelers, jaws, hands, feet, 
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and paddles the lobster owns (Fig. 15). He has six pairs attached 
to the head, eight pair to the breast (thorax), and six pairs to the body 
(abdomen); in all, twenty pairs, and very few of these appendages 
are alike. 

NAMES OF LOBSTER’S APPENDAGES. 
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You now have a pretty good idea of the exo-skeleton, or hard out- 
side part of the lobster, and we shall look next at the soft parts inside 
(Fig, 22). The mouth seems a very good place to begin at, and you 
will find it between the mandibles, or jaws. In front of it is a lip, 
shaped like an eseutcheon, and is called the debrum, which means lip. 
At the back of the mouth is another lip, the metastoma, meaning be- 
yond the mouth, and this is Jooked upon as the lower lip. The mouth, 
as in the mussel, opens into a gullet, or esophagus. This meat-pipe 
opens into a four-cornered box (Fig. 22)—the stomach—which is very 
curiously made. 

Near the centre of the box the walls come almost together, divid- 
ing it into two parts: the front part is the larger, and it is called the 
cardiac end, because in the human body the first part of the stomach 
points toward the heart, but you see, in the lobster, it points away 
from the heart. It contains three strong, colored tecth, fastened to a 
T-shaped frame (Fig. 28), and worked by muscles which are fastened 
to the inside of the breastplate (carapace). These teeth meet in the 
middle of the stomach, and form a powerful grinding-machine, which 
crushes the food like the stones in a mill (Fig. 24). Sometimes, when 
you find the empty shell of a lobster on the sea-shore, you can see a 
perfect mould of the old mill— the mill-wheel gone to decay.” How 
the lobster gets out of his shell, and how he turns the mill out of his 
stomach, we shall study after a while. The small back part of the 
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stomach is called the pyloric end, and it is made inside like a sieve or 
strainer. The sides are stnffed ont in the centre lke cushions, and 
quite covered with hairs (Fig. 25). Let us see why. Pylorus means 
gate-keeper. It protects or guards the intestine from all intruders, 
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such as big pieces of meat and hard bodies. None but the finest parti- 
cles can pass through the strainer, and hence this pylorus is a very good 
gate-keeper. The intestine does not go wandering about in the body 
hike the mussel’s, but passes straight back (Fig. 22), aud ends at the 
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anus, at the under part of the tail-piece (telson), On each side of the 
cephalo-thorax lies a long, soft, yellowish-green mass. This is the 
liver, and it opens into the small, pyloric end of the stomach by sevy- 
eral ducts or pipes on each side. Away up in the front part of the 
cephalo-thorax, at the base of the feelers (antenna) on either side 
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you may see a soft green mass called the “green gland” (Fig. 22). 
This is supposed to be the kidney. Next we will take a look into the 
side-chambers (Fig. 22) of the cephalo-thorax, and see what the three 
pair of walking-legs, the great pincers (chele), and the two pairs of 
jaw-feet, are doing in there. In each chamber we find eighteen little, 
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tapering, feathery-like bodies. Each has a central stem, surrounded 
by fine, feathery filaments. They look very mueh like so many little 
bottle-brushes (Fig. 22). These are the gill-plumes, and this room is 


ealled the gill, or branchial chamber. The gills are placed in two 
sets, six in one and twelve in the other. The first row is fastened to 
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the six feet or appendages of the breast (thorax) which we found 
pushing themselves up into the chamber (Fig. 22). The other twelve 
are fastened to the pleuron or side-picees of the cephalo-thorax. These 
gills are not eovered with stiff hairs (cilia) as the mussel’s, so there 
must be some other plan of moving the water. There is a very eu- 
rious piece of machinery at the front entranee. You remember the 
oval or boat-shaped plate in front ofthe chamber, formed by the hind- 
most little jaw (maxilla), This plate is called the scapho-gnathite, 
which means the Httle skifflike jaw. It is made on the plan of the 
Archimedean screw, and it works as the screw of a propeller, and is 
set in motion by the jaws. The water enters the back part of the gill- 
chamber by a slit, and it is scooped ont by the screw throngh the 
opening in front, bubbling and frothing as it goes. Thus the mechan- 
ism of the serew was all worked ont in our little lobster long years 
before it was discovered by the great Archimedes, The tiny net-work 
of the blood-vessels is spread over the framework of the gill-plumes, 
just as you found it on the lattice-work of the mussel’s gill-pockets. 
As the screw propels the water through the branchial or gill chamber 
the blood takes out the oxygen from the air in the water, and gives 
back carbonic acid. You remember how the strong hairs (cilia) of the 
pockets sweep the water along over the mussel’s gills, and how the 
little blood-vessels take up their oxygen and give up their carbonic 
acid. The gills that are fastened to the legs move when the legs move, 
and the faster they go the more water they use. So much for the lob- 
ster’s breathing or respiration. We will leave his circulation, his 
muscles and nerves, for another chapter. 
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The eyes, as you have seen, are away in front (Figs. 15, 22) at 
the ends of the first pair of appendages—the eye-stalks. The eye is 
kidney-shaped ; instead of having one window or pupil as your eye has, 
through which the light enters, the whole front is divided into squares 
like old-fashioned window-panes (Fig. 26). Each square is really a 
separate eye, and this is what is ealled a compound eye. The lob- 


BIOLOGY FOR YOUNG BEGINNERS, 587 


ster’s eyesight must be very good, for, besides having all those eyes, 
the stalks are jointed so that he ean turn them in different directions, 
The nerve which goes to the eye is called the optic nerve, and it is 
connected with each square by pretty rods and cones, which look like 
those in your own eye (Fig. 27). The rods and cones are covered 
with coloring-matter or pigment, which turns red when it is boiled. 
The optic nerve is a nerve of sensation, because it gives the lobster 
the sense of sight. 

Now, where are the lobster’s ears 2 Not in the foot, as the mussel’s, 
but in their proper plaee—the head. If you look at the base of the 
’ sh aaed: =) d 7 > é 7 
little feclers, on each side you will find a little three-cornered slit, 
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covered with hairs (Fig. 28). This slit leads into a small sac filled 
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with water. One side of this sac is pnshed inward to form a sort of 
fold or pocket, in whieh a nerve which comes from the brain or head— 
ganglia—spreads itself out (Fig. 29). The side of the poeket toward 
the water is covered with fine hairs, and these hairs touel: against little 
bits of sand whieh get into the water through the outside slit (Fig. 
30). These particles of sand are like the tiny stones or otoliths you 
found in the mussel’s ear-sac, and they, likewise, help to increase the 
sound, The Jobster’s ear is made on much the same plan as your own; 
the sac is really a fold of the lobster’s skin, which is pushed in as you 
might push in the crown of your soft hat. Now, I dare say you are 
wishing to hear about the lobster’s bairns or little ones, The lobster’s 
eggs are covered by a soft, sticky glue, which fastens them to the long 
hairs which cover the paddles under the abdomen (Fig. 22). The 
good mother-lobster doubles up her bedy so that the eggs are all 
folded inward safe from harm. Hundreds of eggs are earried in this 
way, and when the lobster is boiled they turn red and form what is 
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ealled the coral, The baby-lobsters differ greatly from their parents. 
Their eyes are very large, and set in the head instead of on eye-stalks. 
They have a great rounded head-shield (earapaec) and a sinall body 
(Fig. 31). The limbs are not at all lke the lobster’s; altogether, he 
jooks as if his eyes and head were running away with him. As soon 
as he is hatehed he begins to swim about and feed himself, and never 
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goes back to the old home. Of course, as he grows, his shell gets too 
small, but, instead of putting on an addition as the mussel does, he 
leaves the old house altogether and builds a new one. In three days 
atter the lobster moves out of the old house le has been found all set- 
tled in a bran-new one one-third larger. Two round balls are often 
found in the lobster’s stomach, and people call them “ erab’s-eyes.” 
These balls are made of lime, which it is said the lobster has been 
storing up for his new shell. Thus the lobster moves “ ont of the old 
house into the new ” every year till he gets his growth, Then he lives 
contentedly under the same roof till he dies, or till some one throws 
him into a lobster-pot. 


THE ELECTRICAL GIRL. 


TRANSLATED FROM THE FRENCH OF LOVIS FIGUIER, BY CLARA HAMMOND. 


ie the beginning of 1846, a year memorable in the history of table- 
turning and spirit-rapping, AneClique Cottin was a girl of fonr- 
teen, living in the village of Bouvigny, near La Perriére, department 
of Orne, Franee. She was of low stature, but of robust frame, and 
apathetic to an extraordinary degree both in body and mind. On 
January 15th of the year named, while the girl was with three others 
engaged in weaving silk-thread eloves, the oaken table at which they 
worked began to move and change position, The work-women were 
alarmed; work was for a moment suspended, but was soon resumed. 
But, when Angélique again took her place, the table began anew to 
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moye with great violence; she felt herself attracted to it, but, so soon 
as she touched it, it retreated before her, or was even upset, The fol- 
lowing morning similar phenomena were observed; and before long 
public opinion was very decided in affirming that Angélique Cottin 
was possessed of a devil, and that she should be bronght before the 
parish priest. But the ewré was a man of too much common-sense to 
heed their request for an exorcism, and resolved to see the facts for 
himself. The girl was brought to the euré’s house, and there the phe- 
nomena were repeated, though not with the same intensity as before : 
the table retreated, but was not overturned, while the chair on which 
Angélique was seated moved in a contrary direction, rocking the while, 
and giving Angélique great difficulty in keeping her seat. These ef- 
fects were so remarkable as to attract a great deal of attention; and 
so many came to see the demonstrations that the girl’s relations, who 
were in straitened circumstances, thonght to make a Incrative business 
of her singular faculty by exhibitions from time to time, Various pro- 
fessional men testified to her performances, of which the following let- 
ter from Dr, Beaumont-Chardon, of Mortagne, gives the usual aceount ; 


“This is what I saw,” says this physician. 

“1, Repulsion and attraction, bounding and displacement of a massive table; 
also of another table, mounted on casters, abont three metres by two; another 
square table, in oak, about a metre and a half in size; an arm-chair, of ma- 
hogany, very massive. All these movements took place from the voluntary or 
involuntary contact of Angélique’s clothes. 

“9, When she was seated, overturning and repulsion of the young girl and 
the person who was occupying the same chair; a momentary adherence of the 
chair to the girl’s dress was scen seycral times. Cessation of these effects when 
the chair and the young girl were placed upon glass or oil-cloth, or when the girl 
was placed upon the chair without having the feet of the latter touch the floor, 
effects generally less upon waxed floors or carpets. 

“3. Great disturbance noticed in the girl, recalling that whieh is produced by 
an electrie discharge, when a piece of wood, a stick, a shovel, or tongs, was 
brought in contact with the vertebral column. My finger held toward her fore- 
head, or the top, and above all, the back of her head, either by actual contact, 
or at a distance of two centimetres, produeed the same effect as it had done when 
brought in contact with the elbow of the left arm—disappearance of this effect. 
when a piece of oil-cloth was interposed between the arm and the object. 

“4. Painful and insupportable sensation of itching when one or two iron 
rods, strongly magnetized, were held several centimetres from the extended 
fingers of her left hand, or from her head ; non-magnetized iron did not produce 
this effect. A magnetized needle, suspended horizontally from the ceiling by a 
long thread, deviated from the direction of the terrestrial magnetic axis, and 
oscillated at the approach of the girl's left arm. 

“The young girl was generally heavily eharged when I was near her, be- 
eause I did not arouse in her any feeling of mistrust, but always endeavored to 
spare her suffering; I thought that, in order to appear to the best advantage, her 
mind must be free, and she herself gay and lively, although her will seemed to 
be entirely void of influence.” 
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Angélique’s relatives resolved, at length, to take the electrical girl 
to Paris in order to submit her to the examination of the academicians, 
During the public séaxee on the 17th of February at the Académie 
des Sciences, the secretary, Arago, published the experiments to which 
Dr. Sanchon had subjected the girl, and read a notice given him by 
this physician, which appeared in the official Compte Rendu of this 
session, It is as follows: 


“T have twice,” says Dr. Sanchon, “seen the electrical girl (Angélique Cot- 


tin). A chair which | was holding as firmly as possible with my foot and both 
hands, was snddenly torn from my grasp when she sat uponit. <A little strip 
of paper which I balaneed on my finger was blown away several times as though 
by a sudden rush of wind. <A dining-table of considerable size, and quite heavy, 
was several tines displaced and pushed by the mere contact of the girl’s clothes. 
A small paner wheel, placed vertically or horizontally upon its axis, received a 
rapid motion from the emanations which proceeded from the child’s wrist and 
elbow-joint. A very large and heavy sofa, on which I was seated, was violently 
pushed against the wall when the yonng girl placed herself beside me. A chair 
held to the ground by strong persons, on which I sat in a manner so as to oc- 
cupy but half of it, was suddenly pushed trom under me when the girl sat upon 
the remaining half. A remarkable fact is, that each time the chair was raised; 
it seemed to adhere to the girl’s clothes; she followed it for an instant, and then 
disengaged herself. Two little balls of elder-wood, or small pieces of quill sus- 
pended by asilk thread, were disturbed, attracted, and finally separated one from 
the other. 

“The young girl's emanations were not permanent during the day; they 
appeared in the evening, from seven to nine o’elock: this gives me the idea that 
her last meal, which she takes at six o’clock, has some influence in regard to 
them, They recurred on the anterior surface of the body, particularly at the 
wrist and elbow. They only recurred in the left side; the arm on this side was 
warmer than the other; a gentle warmth was radiated from it as from a member 
on which a vivid reaction takes place. This part of the body was trembling and 
continually affected by unusual contractions and quivering, which seemed to be 
commmnicated to any hand that tonched her. During the time that I noticed 
this young person, her pulse varied from 105 to 120; it often appeared irregular. 
When the girl was removed from the common reservoir, either by placing ber 
in a chair without letting her feet touch the ground, or hy resting her feet 
against those of another person standing before her, the phenomenon did not 
take place ; it also ceased when she pnt her hands beneath her on sitting down. 
A waxed floor, a piece of oil-cloth, or a plate of glass, put under her feet or upon 
her chair, equally destroys her electric faculty. 

“During the paroxysm, the girl can hardly touch any thing with her left 
hand without causing it to be thrown some distance; when her clothes come in 
contact with pieces of furniture, she attracts, displaces, and finally overturns 
them. This will be better conceived when the fact is known that, at each 
electric discharge, she endeavors to escape in order to avoid the result; she says 
that she always feels a pricking sensation at her wrist and elbow. In searching 
for the pulse in the temporal artery, not being able to appreciate it in the left 
arm, my fingers inadvertently touched the nape of the neck; instantly the girl 
uttered a ery, and disengaged herself from me. In the region of the cerebellum 
(I have tested this many times), where the muscles of the upper portion of the 
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neck are inserted into the eranium, there was such a sensitive spot that the girl 
could not bear to have it touehed—a spot which retained all the sensations she 
felt in her left arm. 

“The child’s eleetrie enanations seemed to oeeur at intervals, and succes- 
sively, in different portions of the anterior part of her body. I remarked on 
this occasion that in the displacement of the table, which requires great force, 
the eleetricity was in the base of the brain. 

“Whatever these emanations are, they are produced by a gaseous current 
producing a sensation of cold. I distinetly felt a momentary breath upon my 
hands, similar to that made by the lips. 

“ This irregularity in the emission of the fluid seems to result from numer- 
ous causes. First, the continual preoccupation of the girl, who always glances 
behind her when any one or any thing touches her; and, finally, the apprehen- 
sion which she has of the phenomenon; fur, as soon as it becomes manifest, she 
rapidly endeavors to escape, as though repulsed by some contrary force. It is 
only when she thinks of nothing, or when her thoughts are otherwise engaged, 
that the phenomenon is most snddeu and intense. 

‘*Each phenomenon is marked by extreme fright in the girl, tlight, and a 
general air of alarm, When she touches the north pole of a magnet with the 
end of her finger, she receives a violent shoek. The south pole produces no 
etfeet. The magnet was charged in such a manner that the north pole eould not 
be distinguished from the south; but the young girl knew the ditference. 

“She is very strong and in exeellent health. Her intellectual capacities are 
but little developed; she ts a village girl in every sense of the word. 

“Paris, February 15, 1846." 


After having read the preceding notice, Arago related all that he 
had himself observed concerning Angélique Cottin, whom her relations 
had taken to the Observatory. In the presenee of MM. Mathien, Lan- 
gier, and Gongin, he confirmed the following phenomena: When 
Angélique Cottin touched a sheet of paper lying on a table it was 
instantly attracted toward her hand, Angélique approached a table, 
which was repelled as soon as it eame in contact with her apron. 
She seated herself upon a chair with her feet resting on the floor, 
and the chair was thrown violently against the wall, while the young 
girl was sent in another direction. This experiment sueceeded when- 
ever it was tried. Neither Arago, Gongin, nor Laugier, could hold 
the chair immoyable, and M, Gougin, seating himself in one-half of it, 
while the girl ocenpied the other, was thrown upon the floor as soon 
as she took possession of it. 

Arago then asked that a committee should be appointed to exam- 
ine these phenomena, The Academy sclected Arago, Beequerel, Isi- 
dore Geoffroy Saint-Hhlaire, Babinet, Rayer, and Pariset. 

This committee assembled, on the following day, in the Jardin des 
Plantes, but the experiments were nnfavorable in regard to the reality 
of the electric properties of Angélique Cottin. 

Were is the committee's report: 

‘In the session of the 16th of February the Academy received from M. Cholet 
and Dr. Sanchon two notices relative to the extraordinary faculty which, it is 
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said, was developed about a month ago ina young girl from Orne, Angélique 
Cottin, aged fourteen years. The Academy, in conformity with its usual custom, 
appointed a committee to examine these alleged facts, and to give an account of 
the result. We will discharge this duty in very few words: 

“Tt was affirmed that Mdlle, Cottin exercised a most iutense action of repnl- 
sion upon bodies of all kinds whenever a portion of her garments touched them. 
Accounts were even given of heavy tables being overturned by the simple contact 
of a silk thread. No effect of this kind was manifested before the committee. 

“Tn the narratives communicated to the Academy it was affirmed that a 
inagnetized needle, under the influence of the girl’s arm, performed rapid oscil- 
lations, and finally fixed itself quite far from the magnetic meridian. When tried 
before the committee, a needle, delicately suspended in the same way and under 
the same cirenmstances, experienced neither permanent nor momentary dis- 
placement. 

“M. Sanchon thouglit that Mdlle. Cottin possessed the faculty of distinguish- 
ing the north pole of a magnet from the south pole, by merely touching them 
with her fingers. The committee was convinced, by varied and numerous ex- 
periments, that the young girl does not possess the capacity attributed to her 
of determining the poles. 

“The committee need not enumerate these useless attempts. It will simply 
content itself with declaring that the only one of the alleged facts which was 
realized before them was that concerning the sudden and violent movements of 
chairs in which the young girl seated herself. Upon serious suspicions arising as 
to the manner in which these movements occurred, the committee has decided 
that they shall be submitted to an attentive examination. It frankly announces 
that the investigations tended to discover the fact that certain habitual ma- 
nauvres hidden in the feet and hands could have produced the observed fact, 
MM. Cholet now declared that the young girl had lost her powers of attraction and 
repulsion, and that we should be notified as soon as they were restored. Many 
days have passed since, yet the committee has received no intelligence, We 
have learned, however, that Mdlle. Cottin is daily received in drawing-rooms 
where she repeats her experiments, 

“ After having fully weighed the cireumstances, the committee is of the 
opinion that the communications transmitted to the Academy on the subject of 
Madlle. Angélique Cottin should be considered as never having been sent in. 


(Signed) — “ ARAGo, BecqveRkeL, Isipore GEorFRoY Sarnt-[IrLalre, 
Bapiyet, Rayer, PaRIsET.”’ 
———__04—__—~ 


DARWIN AND HWAECKEL.’ 
By Pror. T. Il. HUXLEY, F.RB.S. 


CTOBER 1, 1859, the date of the publication of the “ Origin of 
Species,” will hereafter be reckoned as the commencement of a 

new era in the history of biology. It marks the hegira of Science from 
the idolatries of special creation to the purer faith of evolution, That 


1“ Anthropogenie. Entwickelungsgeschichte des Menschen” (History of the Evolu- 
tion of Man), By Prof, Ernst Haeckel. Translation in press by D. Appleton & Co. 
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great conception, which had dawned upon the minds of the patriarchs 
of philosophy—which had been embalmed in the immortal poem of 
Lueretins—which had been submerged, but not drowned, in the mud- 
dy deluge of Hebrew mythology and schoolmen’s philosophy (miscalled 
Christianity) in the middle ages—and had struggled to the surface, 
much besmirehed, by Lamarek’s help—at length stood upon a firm dry 
quay, built by Darwin’s hand, and made water-tight by a goodly con- 
tribution of Wallace’s cement. 

For the first time in history, sound scientific reasonings—the force 
of which has inereased with every year of the fifteen which have 
elapsed—introduced such conclusions as the following: 


“JT believe that animals have descended from at most only four or five pro- 
genitors”’ (‘‘ Origin of Species,” first edition, p. 484). 

“JT should infer from analogy that probably all the organic beings which 
have ever lived on this earth have descended from some one primordial form” 
(Ibid., p. 484). 

“In the distant future I see open fields for far more important researches. 
Psychology will be based on a new foundation, that of the necessary acquire- 
ment of each mental power and capacity by gradation. Light will be thrown 
upon the origin of man and his history ” (Ibid., p. 488). 

“ | |. I view all beings, not as special creations, but as the lineal descend- 
ants of some few beings which lived long before the first bed of the Silurian sys- 


tem was deposited. . . .” (Ibid., pp. 488, 489). 
“Ag all the living furms of life are the lineal descendants of those which 


lived long before the Silurian epoch. . . .” (Ibid., p. 489). 
‘“‘There isa grandeur in this view of life, with its several powers, having 
been originally breathed into a few forms or into one” (Ibid., p. 490). 


There is no uncertain ntteranee here. There has been no special 
creation. All beings which now live are descended from primordial 
forms which existed before the oldest fossiliferous rocks were depos- 
ited. Man is no exception, but he and his highest faculties are as 
much produets of evolution as the humblest plant, or the lowest 
worm. 

A more clear and bold statement of the scope and tendencies of 
the doctrine advoeated by Mr. Darwin could not have been put into 
words; and those who recollect the somewhat fiery controversies 
which were carried on, during the years which immediately followed 
1859, need not be reminded that the cheval de bataille ot the oppo- 
nents of Darwinism was, to hold up to scorn and ridicule the applica- 
tion of his views to man, so distinctly indicated by the author of the 
theory when it was promulgated. 

It seems almost absurd to produce evidence of what is so notorious. 
Yet it happens to be worth while to quote an article which appeared 
in the Quarterly Review for July, 1860. It is a production which 
should be bound up in good stout ealf, or better, asses’ skin, if sach 
material is to be had, by the curious book-collector, together with 
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Brougham’s attack on the undulatory theory of light when it was 
first propounded by Young, and it is chiefly remarkable for the magis- 
terial airs assumed by a critic so fearfully and wonderfully ignorant 
of the subject with which he deals that he believes the blood-corpns- 
eles to be produced by evaporation of the blood!* The following ex- 
tracts will, however, leave no doubt that, even to so unprepared an 
apprehension, Mr. Darwin’s language was plain enough: 


“ This is the theory which really pervades the whole volume. Man, beast, 
creeping thing, and plant of the earth, are all the lineal and direct descendants 
of some individual ens, whose various progeny have been simply modified by the 
action of natural and ascertainable conditions into the multiform aspect of life 
which we see around us” (p. 231). 

“Tf, with Mr. Darwin, to escape the difficulty of supposing the first man at 
his creation to possess in that framework of his body ‘false marks of nourish- 
ment from his mother’s womb,’ with Mr. Darwin you consider him to have been 
an improved ape” (p. 253). 

“First, then, he (Mr. Darwin) not obscurely declares that he applies his 
scheme of the action of the principle of natural selection to Man himself, as well 
as to the animals around him” (p. 257). 


Exactly fourteen years after this distinct testimony to the plain- 
ness of Mr. Darwin’s speech on these matters, last July, namely, the 
very same Review had an article entitled “Primitive Man.” Pos- 
sessed by a blind animosity against all things Darwinian, the writer 
of this paper outrages deceney by insinuations against Mr. George 
Darwin, well caleulated to damage a little-known man with the pub- 
lic, though they sound droll enough to those who are aequainted with 
my able and excellent friend’s somewhat ascetic habits; and, by way 
of preparation for the attack upon the son, the anonymous reviewer 
charges the father with deliberate duplicity: 

‘Tt is one of the calamities of our time and country that unbelievers, instead 
of, as in France, honestly avowing their sentiments, disguise them by studious 
reticence—as Mr. Darwin disguised, at first, his views as to the bestiality of 
man” (loc. cit., p. 63). 


Messieurs the Reviewers, you diametrically contradict one another, 
and one of you must bear the responsibility of a direet and deliberate 
untruth: which is it? The one who, writing in July, 1860, said there 
was no obseurity about Mr. Darwin's views on this matter? Or the 
one who, writing in July, 1874, accuses him of having at first disguised 
his views? Settle it between yourselves. If it were necessary for me 
to give an opinion on so delicate a matter, assuredly I could have no 
ground for hesitation, For, on becoming aequainted with Mr. Dar- 
win’s views in 1858, I set myself to inquire, much more seriously than 
Thad done before, whether the hiatus between man and apes, indicated 


' The passage is worth embalming: “Or what advantage of life could alter the shape 
of the corpuscles into which the blood can be evaporated ?”” (loc. cét., p. 247). 
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by the Cuvierian classification, and insisted upon by his followers, to 
the great satisfaction of the opponents of the doctrine of evolution, 
really had an existence in Nature. I came to the conclusion that it 
had none; I stated the gronnds of these conclusions to those who at- 
tended my lectures in 1859-60; a battle, which was somewhat no- 
torious in its day, took place at the meeting of the British Association 
at Oxford in 1860, and turned upon Mr. Darwin’s views of the evolu- 
tion of man; while, in 1863, I summed up the then state of the ques- 
tion in a little book, entitled “ Man’s Place in Nature,” which did its 
work in several languages beside my own, and is now out of print and 
gone to the limbo of forgotten things: which is its proper place, now 
that Mr, Darwin has had leisure to state his own views more fully, 
though not more distinctly, than in the “ Origin of Species,” in the 
“ Descent of Man.” 

Mr, Darwin reticent about his views respecting the origin of man ! 
Why, for years after the publication of the “Origin of Species,” one 
could not go to a dinner-party without hearing them; and, whether 
you took up the last number of Punch, or the last sermon, the chances 
were ten to one that there was some allusion to the “ missing link,” 

Under these circumstances, the high moral tone assumed by the 
Quarterly reviewer—him of 1874, I mean—is truly edifying. Joseph 
Surface could not have done better. Unless [ err, he is good enough 
to include me among the members of that school whose speculatidns 
are to bring back among us the gross profligacy of imperial Rome. 
This may be doubtful. But what is not doubtful is the fact that mis- 
representation and falsification are the favorite weapons of Jesuitical 

tome; that anonymous slander is practice, and not mere speculation ; 

aud that it is a practice, the natural culmination of which is not the 
profligacy of a Nero, or of a Commodus, but the secret poisonings of 
the papal Borgias. 

Tremember that when, in 1862, I showed the proofs of “Man’s 
Place in Nature” to a cautious and sagacious friend of mine—an cx- 
pert in such matters—he had nothing to say against my arguments, 
but much to urge against the prudence of publishing them. Doubt- 
less he foresaw that an unscrupulous critic, sheltered by his anonym- 
ity, might charge me with advocating the “ bestiality of man,” and 
with, thereby, endeavoring to loosen those moral bonds which hold 
society together. It seemed to me, however, that a man of science 
has no raison @étre at all, unless he is willing to face much greater 
risks than these for the sake of that which he believes to be true ; and, 
further, that to a man of science such risks do not count for much— 
that they are by no means so serious as they are to a man of letters, 
for example. Happily, the reputation and real success of a votary of 
the physical sciences are now wholly independent of the periodicals 
which are pleased to call themselves “influential organs of public 
opinion.” The only opinion he need care about, if he care for any— 
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and he is all the wiser and happier if he care for none-—is that of 
about a dozen men: two or three in these islands, as many in Amer- 
ica, and half a dozen on the Continent. If these think well of his 
work, his reputation is secure from all the attacks cf all the able edi- 
tors of all the “influential organs” put together. So that I do not 
suppose that Mr. Darwin troubles himself much about this charge of 
dishonest reticence, which would be so ludicrous if it were not so 
shameful to its anthor; and I have thought it worth while to expose 
its foolish falsity merely in the interests of the honor of English jour- 
nalism, in the hope of putting a stop to such malpractices, by calling 
the attention of the public to the most conspicuous lapse from that 
honor which has happened within my recollection, 

The book, the title of which heads this article, Haeckel’s “ Anthro- 
pogenie,” is remarkable in many ways: not least as a milestone, indi- 
cating the progress of the application of the theory of Evolntion to 
Man, since Darwin set us all to thinking afresh upon that subject. 

The position I took up, in 1863, was a very guarded one, as the 
state of knowledge at that time demanded. All I had to say came 
to this: If there is reason to believe that the lower animals have come 
to be what they are by a process of gradual modification, then there 
is nothing in the structure of man to warrant us in denying that he 
may have come into existence by the gradual modification of a mam- 
mal of ape-like organization. And, of the many criticisms with which 
my little book has been favored here and abroad, I have met with 
none which, in the slightest degree, shakes that position. 

Prof. Haeckel stoops at much higher game. Wis theme is “ An- 
thropogeny ’—the tracing of the actual pedigree of man—from its 
protoplasmic root, sodden in the mnd of seas which existed before the 
oldest of the fossiliferons rocks were deposited, in those inconceivably 
ancient days, which, for this earth, at any rate, were the real juventus 
mundi, to its climax and perfection—say in an anonymous critic of 
strict orthodoxy and high moral tone. 

It need hardly be said that, in dealing with such a problem as this, 
science rapidly passes beyond the bounds of positive verifiable fact, 
and enters those of more or less justifiable speculation. Bunt there 
are very few scientific problems, even of those which have been, and 
are being, most successfully solved, which have been, or can be, ap- 
proached in any other way. 

Our views respecting the nature of the planets, of the sun and stars, 
are speculations which are not, and cannot be, directly verified ; that 
great instrument of research, the atomic hypothesis, is a speculation 
which cannot be directly verified; the statement that an extinet ani- 
mal, of which we know only the skeleton, and never can know any 
more, had a heart and lungs, and gave birth to young which were 
developed in such and such a fashion, may be one which admits of 
no reasonable doubt, but it is an unyerifiable hypothesis. I may be 
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as sure as I can be of any thing, that I had a thought yesterday morn- 
ing, which I took eare neither to utter, nor to write down, but my 
conviction is an utterly unverifiable hypothesis. So that unverified, 
and even unverifiable, hypotheses may be great aids to the progress 
of knowledge—may have a right to be believed witha high degree of 
assurance. And, therefore, even if it be admitted that the evolution 
hypothesis is, in great measure, beyond the reach of verification, it by 
no means follows that it is not true, still less that it is not of the ut- 
most value and importance. 

There is evidence which is perfectly satisfactory to competent 
judges, that we have already learned the actual historical proeess by 
which one existing species—the horse—came into existence during 
the Tertiary epoch. The evidence, based on the analogy of known 
developmental facts, that a three-toed J0pparion form, which lived 
in the Miocene epoch, gave rise, by suppression of the phalanges of 
its rudimental toes and some other slight modifications, to the appar- 
ently one-tocd later Tertiary horse, is as satisfactory to my mind as 
the evidence, based on the analogy of known structural facts, which 
leads me to have no doubt that the said extinet 2ipparion had a sim- 
ple stomach and a certain kind of heart. If those so-called “ Baconian 
principles,” which everybody talks about and nobody dreams of put- 
ting into practice, forbid us to draw the one conclusion, they forbid us 
to draw the other. 

The alternative hypotheses are two: either the Deity manifested his 
power on this earth, in the course of the Miocene epoch, by making 
the two primitive ancestors of all the horses out of inorganic matter, 
or something more unlike a horse than a Zipparion changed into one, 
The latter hypothesis is gratuitous and absurd, The former is not in 
itself absurd; but, unless the early chapters of Genesis mean some- 
thing contrary to what they appear to mean (and one never knows 
what exegetic ingenuity may make of the “ original Hebrew ”), it is 
shockingly heretical, and I hasten to disown it, lest, by some such se- 
cret connection as bound Goodwin Sands with Teuterden stceple, it 
should land me in the cruelties of Caligula, and lead me to violate the 
precepts of the sagest of physicians, by indulging in Meliogabalian 
gluttony. 

But, if the horse really has arisen in this way, what imaginable 
ground can there be for the enormous and, in that case, highly “ wn- 
Baconian” assumption that the deer, and the ox, and the pig, have 
arisen in any other way? And if there is—not perhaps the complete 
evidence that we happen to possess in the case of the horse—but 
still much better evidence than there is for the authenticity and gen- 
uineness of the books called by the name of Moses, that these ani- 
mals have been produced by a similar method, why may not the 
hypothesis that they have so arisen take its rank among the probable 
conclusions of science? Even thongh it must, in candor, be admitted 
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that, as we cannot live back into the Tertiary epoch and see what 
went on at that time, the hypothesis inust always remain, in the 
strictest sense of the word, unverifiable. 

The fact is, that if the objections whieh are raised to the general 
doctrine of evolution were not theological objections, their utter 
childishness would be manifest even to the most childlike of believers. 
But, if the evolution of all living forms, by gradual modification, is 
an historical fact, why should the attempt to reconstruct the details 
of that momentous history be regarded as less philosophical or less 
laudable than the attempt of a Niebuhr, or of a Mommsen, to build 
up, from ruined monuments, fragmentary inscriptions, and obseure and 
often contradictory texts, a connected and intelligible history of 
tome? Active error may advance knowledge in its efforts to establish 
itself; and nothing is more remarkable than the number of great 
things, from the discovery of America to that of the antiquity of 
man, which have been brought about by the attempt to establish 
erroneous views. But sitting still, and being afraid to stir, for fear 
of making mistakes, is certain to end in rnin in science as in practical 
life. 

Prof. Haeckel is not chargeable with the fault of sitting still, 
and it may be that he moves too quickly now and then. In lis book 
there are some views whieh J, for one, do not agree with, but as to 
which it is just as likely I may be wrong ashe. IJ wish he could be 
persuaded to take a more liberal view of the duration of life on the 
earth, though he is far less miserly on that point now than when the 
“ Schépfungsgeschichte,” formerly noticed in the Academy, was pub- 
lished. I might desire that he would not mix up phylogenetic 
“Stammbiinme ” with objeetive taxonomy; and I might wish that he 
would be a little milder with his honest opponents, though I heartily 
applaud his practice of dealing with critics of the other sort as mere 
Jere: nature. 

But, when all is said and done in the way of objection, the “ An- 
thropogenie ” is a real live book, full of power and genius, and based 
upon a foundation of practical original work, to which few living men 
can offer a parallel. If anybody can read it withont profiting by the 
abundant information and fertile suggestions of new lines of thought 
which it contains, all I can say is, that I envy him; and if anybody 
can read it withont being struck by its clearness and methodical com- 
prehensiveress, and without being convinced that the general line of 
argument is sound, whatever may be thought of the details, all I can 
further say is, I do not envy him. I trust that, like the “ Schopfungs- 
geschichte,” the “ Anthropogenie” may speedily find an English trans- 
lator.—Academy. 


“ §PIRITUAL PIRATES.” 599 


“SPIRITUAL PIRATES.” 
By 8. H. HAYWOOD, 


IO NONO has reeently given to the world his infallible opinion 

concerning Tyndall and other modern scientists. To his appre- 
hension they are “spiritual pirates, seeking to destroy the souls of 
men,” and he undoubtedly has great faith in that high legal authority 
which says, ‘Pirates all nations are to prosceute.” 

From the Cathohe stand-point the figure has a special significance. 
These fearless scholars have embarked upon the high-seas of scientific 
thought and researeh. Truth is the prize for which they seek. For 
its sake they are willing to float a flag which is always regarded ax 
hostile by those who choose to remain forever anchored in the harbors 
of tradition and superstition. Along their track many a bright beacon 
las already been set, which marks the spot where some precious frag- 
ment has been redeemed and where some error has found its grave. 
But never has a ray of their light reached us without a struggle with 
the powers of darkness. Over all these highways of national and in- 
ternational thought the pope would gladly hold supreme jurisdiction. 
Free thought and free inquiry in almost any direction are fatal to some 
vital principle of Roman Catholicism. To match metaphors with his 
Holiness, they are spiritual sappers and miners, whose strokes tell 
fearfully among the foundatiou-stones of the Vatican. 

We must concede consistency, at least, to this position of the 
Catholic Church, The genius of its religion is authority, and are not 
its subjects likely to lie stiller in the dark than when it is light about 
them? It is interesting and significant to notice how little its atti- 
tude toward theological or scientific inquiry has changed within the 
last three hundred years. Spencer in his philosophy of evolution, 
Darwin in his theory of natural selection, Tyndall in recasting the 
definitions of matter, are denounced in the spirit, and almost in the 
diction, of the sixteenth century. And how did it fare with Lonis 
Agassiz, teacher, when he first ventured to assert the diverse origin 
of the human race? Some of us can remember. The overt acts of 
persecution which followed and tortured Galileo, Vesalius, and Gior- 
dano Bruno, are at present prudentially suppressed; but the spirit of 
the inquisitor still pursues the scientist into his laboratory or observa- 
tory, and insists that he bring thence nothing that does not har- 
monize with the ereeds of to-day. 

If the’ pope, Cardinal Cullen, the Dean of Manchester, and others 
under Catholic or High-Church influence and control, had gathered 
unto themselves all existing misapprehension, misrepreseutation, and 
invective, in this direction, it were scarcely worth while to comment 
on a position so natural and a course so consistent with long-estab- 
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lished precedent. But, unfortunately, it is not so. The alarm is 
sounded along our own shores, and the Presbytery of Belfast finds an 
echo in many of our so-called evangelical churches, and even in some 
of those which are miscalled liberal. Our preachers seem to delight 
in aiming a sarcasm or shaft of ridicule at the “advanced thinkers,” 
not forgetting to add all possible irony to tone and inflection. One 
sacrifices lis usual taste and discrimination, and selects the epithet 
Pickaniimy to contain his sneer. “ Pickaninny Tyndall!” Does it 
mean any thing? Ifso, what? Another makes a somewhat singular 
classification of “infidels,” putting Voltaire, Hume, Tom Paine, and 
Tyndall, into the same category, and consigning them all to a common 
and speedy oblivion. Another, more in sorrow than in anger, speaks 
of the “ponderous sentences of unbelief” in the Belfast Address, but 
quotes none of them. Ina newspaper article, written at Christmas- 
tide to ineulcate “ charity, in its largest, broadest, most comprehensive 
sense,” we read that “Science throttles Religion in high places—or 
tries to.” By these scared theologians, scientific men are declared to 
be trying to annihilate the Bible, to dethrone the Lord Christ, and to 
exterminate the living God. Similar latent motives have alwavs been 
imputed to the fraternity, and it seems quite unnecessary to disclaim 
them, siace their own minds are entirely preassured of the safety of 
Deity. 

Now, sneers, innuendoes, and glittering generalities, may be con- 
venient weapons with which to assail unwelcome arguments and con- 
clusions, but they are certainly very ineffective. Such opposition will 
never end the controversy. The very animus of Protestantism is in- 
vestigation, and shall New England Christians ally themselves with 
the pope in endeavoring to suppress its processes and ignore its re- 
sults? It is only the new truth, the latest discovery, the undeveloped 
scheme, that is thus assailed and abused. After it has stood before 
the world a few decades—some other startling thought having in the 
mean time stepped to the front—it quictly takes its place among 
established facts or prineiples, Biblical interpretations adjust them- 
selves, and its exponents, living or dead, are duly applauded and 
honored, Along catalogue of names might be cited im illustration, 
inelnding, besides many scientists, some of the noblest reformers, whose 
diaries record every shade of treatment from their contemporaries, 
from the most virulent abuse to cordial recognition. What name 
stands fairer to-day than that of William Lloyd Garrison? And 
what living man has been more defamed and reviled than was he 
while he stood in advance of public sentiment on the question of 
slavery? In the eyes of the American churches it was the¢r “ peculiar 
institution ” which he was covertly attacking, making only a blind of 
the great Southern evil which his soul abhorred. All the familiar 
idioms of the sects were liberally used in his behalf, and he was 
“throttled” in Boston with something ore tangible than rhetoric. 
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So the fanatics and infidels of one generation become the heroes and 
philanthropists of the next. 

The Concord clique of philosophers has been in past years most 
bitterly denounced in orthodox cireles, and the patriotic old town 
itself has been called “the hot-bed of moral poison,” and various other 
names equally expressive of the temper of their originators. But now, 
the leader and exemplar of that radical coterie, the revered and be- 
loved Emerson, leetures acceptably before the theological students of 
Andover Seminary, while its chapel pulpit has recently been occupied 
by a prominent Unitarian clergyman, who, thirty years since, would 
have been shunned by the Faculty as a teacher of dangerous and per- 
nicious doctrine. 

Agassiz was no less a truth-secker, his spirit was no less reverent, 
his purpose no less pure, when he broached his unscriptural theory, 
than when he bowed his head in silent worship at the opening of the 
Penikese School. Now, when the year returns, and he returns no 
more, we could almost canonize his memory. But why was he anathe- 
matized a quarter of a century ago? Simply because his position at 
that time represented the flood-mark of scientific investigation. It 
has chauged place since then, and Tyndall now stands at its level, 
and must bear the surging of every tide. 

Nothing is more acceptable to the honest thinker than intelligent 
criticism. Matthew Arnold said ten years ago that it was the great 
want of Europe. Worthy antagonism is always a valuable auxiliary 
in the cause of truth. Under its eye, eloquence is not allowed to pass 
for evidence, nor assertion for argument. It stimulates and reénforces 
the scholar, and extinguishes the pedant. It tends to prevent men 
from becoming so ardently in love with their own theories as to be 
blind to their defects. If it is able, as at the best it is, to set in mo- 
tion a counter-current of thought, clear and forcible, it has attained 
its highest uses and becomes a real power. But the mind of the critic 
should be to the thought before it as the plane-mirror, reflecting it in 
true colors and exact proportions ; otherwise, instead of just criticism, 
there follows either too liberal indorsement or undue stricture, ac- 
cording to the bias of the writer. 

Thus adequately to examine the scientific positions of the day, 
with a view of supplementing or subverting them, requires an amount 
of special preparation which few who have worked in other fields of 
thought have been able to make; for a certain familiarity with scien- 
tific nomenclature and experiment, which is often acquired collater- 
ally by the good student, though of great interest and value to its 
possessor, is not a reasonable basis for revision of principles, methods, 
and deductions. The arts are all closely akin, and Sir Joshua Rey- 
nolds was a fine connoisseur in his own department, and perhaps, 
like Titania’s transient love, he had “a reasonable good ear in music; ” 
but he probably could not have written a competent critigue on the 
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construction of Bach’s fugues, or supplied the missing harmony to the 
original score of the “ Messiah.” or a correct exegesis of the Apoc- 
alypse, or the Book of Job, we should not go to the scientist, but to 
the trained and acute Biblicist; and when our thoughts are turned 
toward the sourees and interpretations of natural phenomena, to whom 
shall we look for direction and guidance, but to those who have made 
these phenomena their life-long study? “Every one for his own.” 

Tf the destruction of these more recent theories, or their immediate 
and unreserved acceptance, were our only alternative, there might be 
some excuse for attacking them, even with the very unsuitable and 
impotent weapons with which most of us are furnished. But why can 
we not suffer ourselves to “make haste slowly” in regard to these 
questions which are so difficult, and, in a certain sense, so remote ? 
The most enlightened scientists hold their views not rigidly, but flex- 
ibly, expecting them to undergo various modifications, as truth is 
gradually unsealed and error eliminated. They invite both serutiny 
and correction; and, when argument is met by argument, proof with 
counter-proof, when premises are shown to be false, methods insufti- 
cient, or inferences illogical, none are more ready and generous in 
acknowledgment of mistakes. The absence of assertion is particn- 
larly noticeable in their writings. Their opinions are frequently pref- 
aced with such phrases as “So far as I can discover,” “Is it not prob- 
able,” “Are we not justified in believing; ” thus appealing to the in- 
telligence and discernment of the reader, instead of seeming to com- 
pel his acquiescence. Darwin’s first words in the second volume of 
the “Descent of Man” are, “I have fallen into a serious and unfortu- 
nate error;” and he frankly states that his explanation of certain coin- 
cidences is wholly erroneous. Does this candid admission detract 
from his general trustworthiness? Certainly not, to the equally can- 
did reader. In summing up the main conclusions at the elose of this 
elaborate work, he alludes to the still higher destiny which man may 
hope for in the distant future; but he instantly checks the incipient 
speculation with the characteristic utterance of the true devotee of 
science: “ But we are not here concerned with hopes or fears, only 
with the truth as far as our reason allows us to discover it. JI have 
given the evidence to the best of my ability.” 

These untiring students ask only unrestricted right of search and 
freedom of discussion, Shall this modest request be practically de- 
nied them? Shall the weak timidity and the unreasoning hostility 
of the sixteenth century forever repeat themselves in the presence of 
a fresh idea? Verily, a stranger in the world of thought fares hard at 
our hands. We are forgetful to entertain it until its wings appear, 
and that is not Scriptural hospitality. 

Tyndall beautifully says: “Science desires not isolation, but freely 
combines with every effort toward the bettering of man’s estate. The 
lifting of the life is the essential point.” Are the sarcasms of the 
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preacher an effort in the same direction? Will his animadversions 
tend to make his hearers more eharitable in their judgments of others ? 
Will his sneers at an opinion whieh differs from his own be likely to 
raise the standard of toleranee and Christian courtesy? Is a leaning 
toward the belief that matter contains the promise and potency of all 
terrestrial life, incompatible with the ordering of the individual life in 
accordanee with high-toned Christian principles? Or will the rejee- 
tion of the Darwinian theory be sure to free us from prejudice and 
cheap ambitions ? 

An exccllent tonie, fora mind that is weary of this constant challeng- 
ing of leading scientists to unequal contest, is one of their own “ Lay 
Sermons.” In reading their literature, one soon passes into an atmos- 
phere which admits no element of petty strife. Their spirits are finely 
touched to fine issues, and they seem to have attained that splendor 
of expression which, Emerson says, earries with it the proof of great 
thoughts. Byron’s “ Corsair” left a name “linked to one virtue and 
a thonsand crimes; ” and perhaps even the pope would allow to these 
spiritual types of the same order the one virtue of an almost faultless 
style. Itis not splendor of imagery, or mere ornament of any kind, that 
gives it its peculiar charm. It is the beanty of exquisite fitness, of 
perfect adaptation. Language seems sensitive to the fervor of their 
thought, and yields to them all its wonderful vividness. Let us not 
be withheld by fear, by the restraints of inherited conservatism not 
yet outgrown, or by misdirected pulpit influence, from studying the 
pages of any book, magazine, pamphlet, or newspaper, containing the 
selected thonghts of scientists, carefully prepared for the general 
reader. They furnish some of the best material for daily considera- 
tion and conversation, We find in them a centre and sequence of 
thought, and a natural cohesion of parts, which favorably distin- 
guish them from many popular productions, both written and spo- 
ken, They not only show us facts, they teaeh us to generalize from 
such data, and to put a proper relative value upon different ideas. 
They give us a clearer vision and an ampler horizon. They quicken 
the perceptions, mature the judgment, and purify the taste. And if, 
in his enthusiasm, a writer sometimes ventures beyond the limits of 
verified evidence, and gives one touch of imaginative coloring to the 
sober shades of reason and argument, can we not bear with it, when 
we remember with what infinite patience the world has for ages lis- 
tened to baseless and useless conjectures, and sentimental fancies con- 
cerning heaven, its conditions, employments, and delights ? 

We are called to no decision upon these great questions, but let us 
study them, and draw from them all possible mental stimulus and 
moral force, and then be sure to give our personal influence in sup- 
port of our highest convictions. The verdiet rests with Time, and we 
know that under its slow, sure tonch, all error must fall away, leaving 
Truth triumphant in the strength of ker own immortality. 
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SOCIAL EVOLUTION. 
By Pror, J. E. CAIRNES.! 


Ds uate as all who take an interest in social speculation can- 
not fail to be for the completion of Mr. Spencer’s forthcoming 
work on the “ Principles of Sociology,” they will scarcely regret that 
he should have allowed himself to be drawn aside for a time from his 
principal occupation in order to compose the present volume. Sey- 
eral reasons concur to make it desirable that such an avant-coureur 
should be sent forth; but it is sufficient here to mention one. With 
every possible disposition to acknowledge the great services of M. 
Comte in his masterly ébauche and partial development of the science 
of society, it is impossible not to sce that even the elementary princi- 
ples of this branch of inquiry have yet to be formulated. To consti- 
tute these, or at least some portion of them, is doubtless the aim of 
Mr. Spencer’s grand undertaking. It is to this that the labors of his 
life have been leading up; but, if his work is to prove in any sense 
definitive, it is plainly an indispensable condition that it should be pre- 
ceded by a tolerably full and thorough discussion of the more element- 
ary doctrines of the new science. Mr, Spencer has not, indeed, waited 
till now to give the world his ideas on many social topics of the high- 
est importance; but it was well thus to bring together into a single 
volume his sociological views scattered over many essays, and, by 
giving them fresh exposition and illustration, to invite fresh criticism. 
Never before has the conception of a social science been put forth with 
equal distinctness and clearness ; and never has its claim to take rank 
as a recognized branch of scientific investigation been placed upon 
surer grounds, or asserted with more just emphasis. The wealth of 
illustration lavished on the various topics discussed is almost marvel- 
ons; and, when one considers that Mr. Spencer has already on hand 
a great work on the same subject, augurs a rare profusion of resources, 
The purpose of the present essay, however, is not to render to Mr. 
Spencer a homage of which he has no need, but to invite attention to 
some positions of his philosophical system, so far as it has been given 
to the public, which have scarcely yet received that amount of con- 
sideration and criticism which their great importance demands, As 
will be seen, and indeed has already appeared, the following remarks 
have been conceived from the point of view of one who fully accepts 
the possibility of a social science, and who, to a large extent, concurs 
in Mr. Spencer’s conception of the nature of that inquiry. 
The part of Mr. Speneer’s social philosophy to which he has hith- 
erto given most prominence, and which he has elaborated with most 
care, is his doctrine of Social Evolution. The idea was put forward 
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by him, many years ago, in a well-known essay entitled the “Social 
Organism ;” it has sinee reccived further elucidation in a diseussion 
with Prof. Huxley in this Revtew ; and it has once more been expounded 
anew, aud with fresh illustration, in the present volume. There is a 
certain sense in which, I presume, the doctrine of “Social Eyolution ” 
would be now pretty widely accepted, at least among those who have 
concerned themselves with the philosophy of histery and kindred spec- 
ulations. I mean the sense in which it expresses the facet that each 
stage in human progress is the outcome and result of the stage which 
has immediately preceded it, and that the whole series of stages, be- 
ginning with savage life and ending with the most advanced existing 
civilization, represents a connected chain, of which the links are bound 
together as sequences, in precisely the same way as in the instances 
of causation presented by other departments of Nature. Some such 
assumption as this must necessarily form the basis of all attempts at a 
rational interpretation of history. But, as enunciated and expounded 
by Mr. Speneer, social evolution carries with it a meaning much more 
precise and significant. As his readers are aware, Mr. Spencer insists 
very strongly on the analogy of evoluticn, as exhibited in the animal 
kingdom, whether in the individual animal or in the species, and evo- 
lution in human society—in other words, between the development, 
individual and specific, of the animal organism, and the development 
of what he ealls “the social organism,” meaning, thereby, organized 
social life. Te finds in this analogy not merely a metaphor and an 
illustration, but a type, and even a clew. Thus he observes a law of 
development governing the growth of an individual organism from 
birth to maturity ; and, again, a similar law governing the develop- 
ment of species from existenee in an all but amorphous germ to the 
attamment of a very high and complex form of animal life; and he 
transfers these laws from physiology and zoology to the domain of 
social science; treating them not merely as the means of elucidating 
social phenomena, but as exhibiting the real character of the processes 
by which mankind have in fact attained their present civilization, and 
as foreshadowing, also, the lines along which society in its future de- 
velopment is destined to move. It is, for instance, a characteristic 
of the evolution of individual organisms under the laws of animal 
growth, as well as of that of the several species of animals under the 
influence of the struggle for existence and the law of the “survival of 
the fittest,” that development takes place “ spontaneously ”—that is 
to say, is the ¢neidental resiult of actions not consciously undertaken 
with that object in view, This is evidently so in the growth of an 
individual animal, and it is no less certainly so in the deyclopment of 
specics. In neither case is the progress attained the result of efforts 
consciously put forth for its accomplishment. And the whole drift of 
Mr. Spencer’s teaching on this subject is to show that the process is 
similar in the case of human society; that its growth and development 
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arc in no degree, or at all events in quite an insignificant degree, the 
consequence of efforts put forth by those who compose it to improve 
their social condition, but mainly, if not exclusively, the result of ac- 
tions undertaken with quite other ends in view. <A favorite illustra- 
tion, accordingly, with Mr. Spencer of the process by which society 
undergoes development is the growth of language: 


“ Not only has it been natural from the beginning, but it has been spontane- 
ous. No language is a cunningly-devised scheme of aruler or body of legisla- 
tors. There is no council of savages to invent the parts of speech, and decide 
on what principles they should be used. Nay, more. Going on without any 
authority or appointed regulation, this natural process went on without any man 
observing that it was going on. Solely under pressure of the need for commu- 
nicating their ideas and feelings, solely in pursuit of their personal interests, men 
little by little developed speech in absolute unconsciousness that they were doing 
any thing more than pursuing their personal interests.” (Essays, vol. tii, p. 129.) 


And this is given as a typical specimen of the “ workings-out of so- 
ciological processes ”—of the marvelous results “indirectly and nnin- 
tentionally achieved by the codperation of men who are severally pur- 
suing their private ends.” The numerous and complex arrangements 
which, under the stimulus of individual self-interest, have arisen in 
this and other civilized countries for the distribution of wealth, and 
the growth from small beginnings of our vast system of credit and 
banking, serve as an illustration of the same principle. ‘“ When it is 
questioned,” he remarks, “whether the spontaneous codperation of 
men in pursuit of personal benefits will adequately work ont the gen- 
eral good, we may get guidance for judgment by comparing the re- 
sults;”? and he proceeds to give examples which could only lead to an 
affirmative conclusion. 

The nature of social development is thus, according to Mr. Spencer, 
essentially identical with that of development in the animal kingdom ; 
and it is a necessary corollary from this that the course of both should 
lie along parallel lines, Thus, when we tind the individual animal 
growing from birth to maturity, developing its structure and factions 
according to a regular scheme; and, similarly, the several species of 
animals constantly tending, under the influence of the struggle for 
existence, to adapt themselves more and more perfectly to the con- 
ditions ef their environment, and so to rise into a higher and higher 
order of being ; when we find all this, and perceive that the processes 
by which society is developed are exactly analogous, the conclusion 
scems inevitable that so it must be also with social evolution—that 
here, too, progress and improvement arise by way of spontaneous 
growth in the natural order of things, and that consequently eftorts to 
advance the common interest are superfluous—much more likely, in 
effect, to impede and disturb than to assist the harmonious order of 
human development, 

Such, so faras I have been able to extract his meaning from his 
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various essays on this subject, is Mr. Spencer’s theory of social evolu- 
tion. The practical effect of such a doctrine on all engaged in helping 
forward, according to the measure of their strength, the cause of hu- 
man well-being, it is not difficult to perceive; nor does Mr, Spencer 
altogether blink this aspect of the case. In the last two pages of his 
recent work he has the followimg remarks : 

“Tf, as seems likely, some should propose to draw the seemingly awkward 
corollary, that it matters not what we believe, or what we teach, since the pro- 
cess of social evolution will take its own course in spite of us; I reply that, while 
this corollary is in one sense true, it is in another sense untrue. Doubtless, from 
all that has been said, it follows that, supposing surromnding conditions continue 
the same, the evolution of a society cannot be in any essential way diverted from 
its general course; though it also follows (and here the corollary is at fault) that 
the thoughts and actions of individuals, being natural fuctors that arise in the 
course of the evolution itself, and aid in further advancing it, cannot be dis- 
pensed with, but must be severally valued as increments of the aggregate force 
producing change.” 


Whether this explanation will be satisfactory to those who draw 
the “seemingly awkward corollary,” may, perhaps, be doubted. Mr. 
Spencer apparently does not rely much on the practical efficacy of his 
answer, for he at once proceeds to supplement it as follows: 

“Though the process of" social evolution is, in its general character, so far 
predetermined that its successive stages cannot be antedated, and that hence no 
teaching or policy can advance it beyond a certain normal rate, which is limited 
by the rate of organie modification in human beings, yet it is quite possible to 
perturb, to retard, or to disorder the process. The analogy of individual devel- 
opment again serves us. The unfolding of an organism after its special type has 
its approximately-uniform course, taking its tolerably-definite time, and no treat- 
ment that may be devised will fundamentally change or greatly accelerate these ; 
the best that can be done is to maintain the required favorable conditions. But 
it is quite easy to adopt a treatment which shall dwarf, or deform, or otherwise 
injure; the processes of growth and development may be, and very often are, hin- 
dered and deranged, though they cannot be artificially bettered. Similarly with 
the social organism.” 


Tf Iam not mistaken, however, the ease of the social organism is 
not similar. The favorable conditions which it is important to main- 
tain with reference to the individual organism are conditions external 
to the organism; whereas that condition of social development, the 
eflicacy of which forms the question in dispute, consists in efforts after 
social improvement made by the units composing the organism. The 
analogy, therefore, of individual development completely ‘fails us 
here, unless, indeed, Mr, Spencer supposes the objectors he is address- 
ing to be standing outside the social organism, and proposing to experi- 
ment upon it as upon a foreign body. But, not to dwell on this point, 
the conclusion arrived at is that, “by maintaining favorable condi- 
tions, there cannot be more good done than that of letting social prog- 
ress go on unhindered ;” whereas “an immensity of mischief may be 
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done in the way of disturbing and distorting and repressing, by poli- 
cies carried out in pursnit of erroneous conceptions.” Indifferent 
comfort, this, for the friends of humanity; but it is all Mr. Spencer 
has to offer. He adds “a few words,” however, “to those who think 
these gencral conclusions discouraging, Probably the more enthusi- 
astic, hopeful of great ameliorations in the state of mankind, to be 
brought about rapidly by propagating this belief or initiating that 
reform, will feel that a doctrine negativing their sanguine expecta- 
tions takes away much of the stimulus to exertion. If large advances 
in human welfare can come only in the slow process of things, which 
will inevitably bring them, why should we trouble ourselves?” A 
very natural question. And what is Mr. Spencer’s answer? Simply 
that on visionary hopes rational criticisms cannot but have a de 
pressing influence. But “it is better,’ he adds, “to recognize the 
truth,” 

Doubtless “it is better to recognize the truth ;” but before accept- 
ing as true a doctrine admittedly so depressing, carrying with it such 
“seemingly awkward corollaries,” it will, at least, be well to subject 
it to a somewhat careful examination. And, in the first place, there is 
this remark to be made, that no verification whatever has yet been 
offered, or, so far as I know, attempted, of the theory of social evolu- 
tion set forth with so much appearance of scientific authority. It 
represents a speculation transferred from the domain of physiology 
and zoology into that of social inquiry, and the speculation, so trans- 
ferred, is applied, without question or scruple, to the interpretation of 
human affairs; no attempt having been made to ascertain how far the 
course of these affairs hitherto has corresponded with the doctrine 
thus formulated. The range of human history now covers upward of 
3,000 years, and presents, in a very incomplete and imperfect manner, 
no doubt, the phenomena of moral, intellectual, religious, and other 
evolution in numerons socicties of men, Surely, before propounding 
his speculation as a law of human society, from which he is at once 
justified in deducing consequences of the largest kind bearing upon 
human conduct, Mr. Spencer was bound to consider what amount of 
countenance or support it received from the evidence derivable from 
such fields of research; but from the application of this test he has 
wholly abstained. Will it be said that our knowledge of past history 
is so exceedingly slight and untrustworthy as to be unfit to furnish a 
datum for soeial speculation, and that verification had thus to be dis- 
pensed with as impracticable? Such a defense, it seems to me, is 
searcely available in the present instance; for, while it is trne that 
about particular events in history there is, in general, much room for 
doubt and for difference of opinion, this is not the case, or is in a very 
slight degree the case, with regard to certain broad generalizations 
which come ont with considerable distinctness from the study of the 
past, and which are, in effect, the very generalizations needed in order 
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to test Mr. Spencer’s doctrine. Thus there cannot be much doubt that 
certain nations have, during certain centuries of their history, made 
rather rapid progress in civilization, but have afterward suffered an 
arrest, which has, in some instances, been followed by temporary or 
permanent decline; while, on the other hand, others, and these by far 
the more numerons, have continued for thousands of years in a condi- 
tion almost, if not altogether, stationary. In his work on “ Ancient 
Law,” Sir H. Maine does not hesitate to say that— 

“The stationary condition of the human race is the rule; the progressive, 
the exception.” ‘In spite of overwhelming evidence,” he remarks, “it is most 
difficult for a citizen of Western Europe to bring thoroughly home to himself the 
truth that the civilization which surrounds him is a rare exception in the history 
of the world. . . . It is indisputable that much the greatest part of mankind has 
never shown a particle of desire that its civil institutions should be improved, 
since the moment when external completeness was first given to them by their 
embodiment in some permanent record.” 


Again, it is a point wpon which, I suppose, it may be said, histori- 
ans are agreed, that, even in Europe for many centuries—starting, 
let us say, from the age of the Antonines, and ending with the elev- 
enth or twelfth century—the movement in human affairs was on the 
whole steadily backward; the state of things existing at the latter 
date being, according to all the main tests of human well-being, far in 
arrear of the condition attained in the former epoch. It may be that 
these generalizations are superficial, that the learning of the world is 
here at fault, and that history better understood would support Mr. 
Spencer’s view; or it may be that the current belicfs on the points in 
question are capable of being reconeiled with the new doctrine. Be 
this as it may, it is not the less true that the verdict of history, as now 
understood by its most competent interpreters, is distinctly opposed to 
the theory of social evolution enunciated by Mr. Spencer. Now, this isa 
fact which has been completely ignored by that distinguished writer; he 
has simply passed it by as not concerning his argument; and in doing 
so has, as I contend, set at nanght one of the best-understood canons 
of the inductive method—the canon that requires that hypotheses, be- 
fore being accepted as laws of Nature, or made the bases of confident 
deduction, should be earefully verified by comparison with all avail- 
able facts pertinent to the question in hand. M. Comte, who, as 
regards the particular point under consideration—the necessarily pro- 
gressive character of hnman evolution—is at one with Mr. Spencer, 
understood otherwise the claims of the positive philosophy, and does, 
in fact, fairly attempt to grapple with the historical difficulties to which 
T have referred. It is true, indeed, his argument is by no means suc- 
cessful—at least so it seems to me—in establishing the required con- 
clusion; but it is, at least, more satisfactory than total silence. 

It follows, then, that Mr. Spencer’s theory of social evolution can 


only be regarded, as matters now stand, as an unverified hypothesis, 
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with this presumption against it, that it is at variance with such 
knowledge as we possess of the past history of mankind; and the 
doubt as to its soundness, which this cireumstanee cannot but sug- 
gest, will, I think, find confirmation, when we look closely into that 
analogy between the social and the animal organisms on which the 
whole speculation ts built up. In the striking and ingenious essay in 
which Mr. Spencer first traced this analogy he frankly adits that it 
does not run on all-fours, and he enumerates uo less than four points 
in which the analogy fails. There will be no need at present to refer 
to more than one of these: it 1s to the effect that, unlike the sentient 
life of animals, which is concentrated in the brain, the sentient life 
of societies is diffused equally over the entire surface— 

“A fact,” says Mr. Spencer, “ which reminds us that, while in individual 
bodies the welfare of all other parts is rightly subservient to the nervous system, 
whose pleasurable or painful activities make up the good or evil of life, in bodies 
politic the same thing does not hold, or holds but to a very slight extent. It is 
well that the lives of all parts of an animal should be merged in the life of the 
whole; because the whole has a corporate consciousness capable of happiness or 
misery. But it is not so with a society ; since its living units do not and cannot 
lose individual consciousness, and since the community as a whole has no cor- 
porate consciousness, And this is an everlasting reason why the welfare of 
citizens cannot rightly be sacrificed to some supposed benefit of the state, but 
why, on the other hand, the state is to be maintained solely for the benefit of 
citizens. The corporate life must here be subservient to the lives of the parts, 
instead of the lives of the parts being subservient to the corporate life.” 


I have called attention to this admission becanse it appears to me 
to involve very much larger consequences than Mr. Spencer seems 
disposed to allow—consequences, if I mistake not, fatal to this theory. 
For what does it amount to? To this, that, however closely the two 
organisms he has been comparing may correspond in certain details 
of structure and function, the main purposes of the two schemes— 
the ends for which alone all the contrivances exist, and with refer- 
euce to which their goodness or badness must be judged—are essen- 
tially different; the aim of the one being to sustain the corporate 
existence, and to contribute to the corporate happiness; while that 
of the other ean properly have regard only to the existence and hap- 
piness of the individual elements which compose it. This being so, 
what can be more preposterous than to erect the modes of organiza- 
tion furnished by the animal kingdom into patterns and exemplars by 
which to regulate the relations of social life? What does such doc- 
trine come to but a proposal deliberately to sacrifice the substance to 
the shadow—the ends of social existence to the establishment of a 
fanciful analogy ? The reader of Prof. Huxley’s essay on “ Administra- 
tive Nihilism” will probably remember the passage in which he turns 
the analogy in question against Mr, Spencer, and converts it into an 
argument in favor of extending the functions of the state, or rather 
shows how it might be thus converted: 
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“The fact is,” says Prof. Huxley, ‘that the sovereign power of the body 
thinks for the physiologieal organism, acts for it, and rules the individual com- 
ponents with a rod of iron... . The questioning of his authority involves death, 
or that partial death which we eall paralysis. Hence, if the analogy of the body 
politic with the body physielogieal counts fur any thing, it seems to me to be in 
favor of a much larger amount of governmental interference than exists at pres- 
ent, or that I, for one, at all desire to see. But, tempting as the opportunity is, 
T am not disposed to build up any argument in favor of ny own case upon tlis 
analogy, curious, interesting, and in many respects elose as it is, for if takes no 
cognizance of certain profound and essential differences between the physiologi- 
cal and political bodies.” 


And Prof. Tuxley proceeds to point out one of those profound and 
essential differences, which, if the reader will refer to his argument, 
will be scen to come, in effect, to very much what Mr. Spencer himself 
had admitted, in his original essay, in the passage which I have 
quoted, As the reader is probably aware, Mr. Spencer rephed to 
Prof. Huxley’s attack in an elaborate article, uow printed in the third 
series of his collected essays; but, though he might have claimed to 
have anticipated the objeetion urged against him by pointing to the 
passage in which the failure of the analogy in the cirenmstance in 
question was admitted and even insisted on, he did not take this 
course. Jn truth, though he might thus have avoided the reductio ad 
absurduim with which he was pressed by Prof. Huxley, and might 
also have saved his own consistency, he could only have done so by 
the entire surrender of his main position; for he must have admitted 
that the all-sufficing analogy, “ curious, interesting, and in many re- 
spects close”? as no doubt it is, was yet, for the purpose of political 
argument, entirely destitute of cogency ; and this was an admission 
which Mr. Spencer did not see his way to make. 

It may still, however, be contended that, though of small account 
as a eriterion in practical politics—in the sphere of what we may call 
the staties of sociology—this analogy between the individual and so- 
cial organisms may uevertheless possess value in reference to the 
dynamical aspects of the social problem, as throwing light, that is to 
say, on the course of social evolution. And such, it appears to me, is 
the case so long as we confine ourselves to a very primitive stage in 
the social history of man. In that primitive stage (as Mr. Darwin has 
tanght us), while man remains still a savage, and even perhaps for 
some time after he has emerged from the savage condition, the influ- 
ences which mould his social development are substantially the same 
with those which govern the development of a species. It is not 
strange, therefore, that evolution in the human and in the animal 
kingdom should, during this period, follow a very similar conrse, But 
a time arrives in the progress of social development when societies 
of men become conscious of a corporate existence, and when the im- 
provement of the conditions of this existence becomes for them an 
object of conscious and deliberate effort. At what particular stage in 
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human history this new social foree eomes into play, we have no need 
here to inquire. What Iam concerned to point out is that é¢ is @ new 
social yorer, wholly different in character from any whieh had hitherto 
helped to shape human destiny-—wholly different, also, from those in- 
fluences which have gnided the unfolding either of the individnal 
animal or of the species, We eannot, by taking thought, add a cubit 
to our stature. The species, in undergoing the process of improve- 
ment, is wholly unconsciens of the influences that are determining its 
career, It is not so with human evolution, Civilized mankind are 
aware of the changes taking place in their social conditions, and do 
consciously and deliberately take measures for its improvement.— 
Tortnightly Review. 


So 


SKETCH OF DR. WENRY MAUDSLEY. 


HOSE who are familiar with the growing literature of psyeho- 
logical medicine during the last quarter of a century wiil remem- 

ber the appearance of various papers remarkable for literary brilliancy 
and expressive of the most advanced opinion which appearcd, nearly 
twenty years ago, in the English periodicals devoted to this subject, 
and written by Dr, Henry Maudsley. He was then a very young 
man, and the promise of his early efforts has been thoronghly redeemed 
by Itis subsequent professional eareer, A voluminons and able writer, 
and an eminent practitioner, he is uow among the foremost men in the 
branch of medicine to whieh he has devoted himself. The last quarter 
of a century has witnessed a great change in the mode of stiidying 
mental phenomeusx. The old metaphysical method, which confined 
itself nuinly to introspection of cousciousness, with no mere regard 
to the organic conditions under which mind is manifested than as if 
such conditions had no existenee, has been invaded, and perhaps it is 
not too niuch to say, asa method of study, has completely broken down. 
Not that the introversiye study of the phenomena of consciousness 
has been abandoned, but its sutliciency has been completely discred- 
ited; and mental seienee takes a new departure with the reeognition 
that its organie basis is a fundamental element in its problems. The 
physicians whose studies begin with the body and traverse the field both 
of its normal and abnormal states, were forced to consider the subject 
of mind from the eorporeal side, and with reference to the exigencies 
of practice. Metaphysical speculation was fruitless for their pur- 
poses; the miad had to be considered as dependent upon material 
conditions, The new order of truths thus brought forward has had 
a profonnd inthience upon recent mental philosophy, and, in this reeon- 
struction and reéxposition of the science, the subject of the present 
sketeh has had a prominent share. His contributions to the literature 
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of the question have not only been valuable acquisitions to the pro- 
fession, but they have also been well adapted for the diffusion of this 
kind of knowledge among general readers, 

Hunxry Maupsiey was born at Rome, near Settle, in Yorkshire, in 
1835, and is, consequently, now but forty years of age, When his 
carly academe studics were completed he chose the profession of a 
physician as a vocation, and entered upon the study of medicine at 
University College, London, His earcer as a medical student was 
eminently suecessful, and he obtained the highest honors in the dif 
ferent classes, and graduated M.D. at the University of London in 
1856, at twenty-one years of age, having also obtained a scholarship, 
with the title of “University Medical Scholar.” Selecting mental 
pathology as his medical specialty, he became resident physician and 
superintendent of the Manchester Royal Lunatic Hospital, a position 
which he held from 1859 to 1862.) Resigning this appointment in 
1862, he yielded to the temptations of the metropolis, and entered on 
a consulting practice in London, The speedy recognition of his pro- 
fessional claims led to his election as Fellow of the Royal College of 
Physicians in 1869, and the next year he had the honor of an appoint- 
ment as Gulstonian Lecturer, Dr, Maudsley is Professor of Medical 
Jurisprudence in University College, London, aud Cousulting Phy- 
sician to the West London Jfospital. Ile has becu President of the 
Medico-Psychological Association of Great Britain and Ireland, and 
is now, as he has been for some years, editor of that able periodical, 
the Journal of Mental Science. Wis labors have been appreciated on 
the Continent, and he has been elected HWonorary Member of the Med- 
ico-Psychological Society of Paris, aud of the Imperial Society of 
Physicians of Vienna, ete. 

Dr. Maudsley’s most important work is “The Physiology and 
Pathology of Mind,” a standard treatise for the profession, and a 
repertory of interesting fucts—an able exposition of mental phenomena 
in their organic relations, This work has passed through several 
editions, as has also the lesser volume which he subsequently issued, 
“The Gulstonian Lectures on Body and Mind.” lis contributions 
to the Journal of Mental Science have been numerous and important ; 
aud his last work, “Responsibility in Mental Disease,” written for the 
“Tnternational Scicntific Series,” is an important monograph which has 
heen widely read, and has contributed to extend the author's repu- 
tation, 

Dr. Mandsley married the youngest danghter of the late Dr. John 
Conolly, whose name has been made eminent as the physician who first 
introduced into England, and carried out successfully, at Hanwell, 
that great reform, the non-restraint system in the management of 
lunatics, 
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CORRESPONDENCE. 


THE FUTURE RELATIONS OF TILE SEXES. 
To the Editor of the Popular Science Monthly ¢ 
N the article on “ Woman’s Place in Na- 
ture,” which appeared in the January 
number of Tue PoruLar Science MontTay, 
some applications of the general principles 
enunciated were omitted for the sake of 
brevity, and, deeming them important, I 
send them for publication, in continuation 
of that argument. 

Although the characters peculiar to each 
sex have undoubtedly been acquired under 
the operation of the same laws, it would 
seem that men and women have become too 
uch differentiated in their mode of living, 
for the physical or mental health of either. 
Among lower animals in a wild state, sex 
makes little difference in the habits of life; 
and, among barbarous tribes and races of 
men, there is little concerted action or differ- 
entiation of duties of men and women, except 
in the conduct of wars of rivalry or defense ; 
and it has always been considered a sign of 
a higher civilization when woman is released 
from the heavier kinds of labor, and rele- 
gated to a special and different sphere of 
activity. But civilization, even, may be car- 
ried too far, in the extreme separation of 
men and women in their daily lives, no less 
than in the generally-acknowledged diree- 
tion of the excessive refinements of metro- 
politan life; and there seems to be a ten- 
deney toa “reversion” in this respect, in 
an inereasing disposition on the part of 
women to share, to a fuller extent than 
heretofore, the labors, the interests, the 
education, and the recreations, which do so 
much to give physical health and mental 
vicortomen. On the other hand, the sexual 
erethism, amounting to a pathological con- 
dition, so frequent among the men of to- 
day, may be regarded as an indication in 
the same direction, The greater strength 
of sexual passions in men is looked upon 
as a weakness and degradation by women— 
the “social evil” being largely attributed 
to it as a eause. While the brief review of 
the causes and conditions of the develop- 


ment of the race, given in a former article, 
shows, if both facts and deductions are ac- 
cepted, that the higher traits of human 
character have arisen largely through this 
inequality, the fact of its having become 
excessive may be taken as an indication of 
the desirableness of a “reversion” for men 
as well as women; and, through a more 
intimate association in business relations, 
where the affinities of sex would be less 
powerfully asserted among sterner interests 
—where mere entertainment of each other 
would net be the occupation of the hour, 
as in social gatherings and dissipations—it 
is probable that a tendency would arise 
toward an equalizing of the sexes in this par- 
ticular, which would contribute to the health 
of both; and that co-education, though ad- 
vocated in the interests of women only, 
would result in advantage to both sexes. 

An undue accumulation of electrie force 
terminates in the thunder-bolt, which earries 
disaster in its pathway; while a more con- 
stant communication between cloud and 
earth tends to the maintenanee of a safe 
equilibrium, by which means catastrophe is 
averted, and a better atmospheric condition 
secured. 

While it would not be in accordance 
with the principles of evolution to say that 
woman does not new occupy her true and 
natural place in life, the fact of her increas- 
ing dissatisfaction with it is evidence that 
she is moving on to a better one—better, 
because higher in the scale of evolution. 
Says Lecky: ‘That the pursuits and educa- 
tion of women will be considerably altered, 
and that these alterations will bring with 
them some modifications of the type of 
character, may safely be predicted.” 

Since it is in the direction of greater 
moral as well as intellectual unfolding that 
the future progress of the race is undcubt- 
edly to consist, woman will find ample fields 
for the expenditure of her special force and 
influence. I would not be understood to 
discourage women from entering any pro- 
fession or department of labor to which 
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they may feel themselves called. While thus 
developing their individual powers, it is 
probable that all the industries and activi- 
ties of life would also be bettered by the 
introduction into their management of the 
spirit of “greater tenderness and less self 
ishness” which it would seem that heredity 
and selection have bestowed upon her. Our 
courts of law are often charaeterized by 
seenes of harshness, and brutality even; 
and surely the professions of theology and 
medicine furnish fitting fields for the exer- 
cise and culture of these beneficent quali- 
ties. Without doubt the possession of these 
traits, in a somewhat higher degree, by 
woman than by man, will counterbalanee 
her disabilities in other directions, so that, 
in the struggle for success, she will suffer 
no serious disadvantage. 

While intellectual arenas may always 
furnish a neutral ground where the two 
sexes shall meet on the common basis of 
actual achievement—where all work shall 
be submitted to the common test of merit 
—in matters of general interest to society, 
qualities essentially masculine on the one 
hand, or peculiarly feminine on the other, 
will turn the balance of power according as 
the interests or neeessities of the hour are 
best subserved thereby, The existence of 
war would seem to furnish an extreme case 
-in which masculine traits would be in the 
ascendant, and receive supreme considera- 
tion; but the hospital and the ambulance— 
the sanitary commission and the nurses’ 
field-staff—present the converse of the pict- 
ure, where feminine qualities assert their 
natural supremacy. On the other hand, “ the 
instinct and genius for charity,” ascribed to 
woman, find their executive force the 
masculine arm, always at her command in 
carrying out her most gencrous conceptions, 

Thus the contrasting phases of human 
nature mect and blend, like the forces at the 
opposite extremes of the spectrum, which, 
presenting the unlike characteristics of heat 
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; and actinism, unite in the visible middle 
ground, and speak in the beautiful language 
of color. Unrefracted, the full white ray 
of perfect light is manifested as a unit. 

Solicitude is sometimes expressed lest 
an enlargement of the activities of woman, 
and the consequent mingling in the ruder 
seenes of life, should impair the delicacy 
and refinement which belong to woman- 
hood ; but this would seem to bea needless 
anxiety. Traits of character so inwoven in 
the very fibre of the nature as those which 
distinguish the sexes will not be easily 
eradicated, and the same laws which are 
now at work to check the too great differ- 
entiation of both in the direction in whieb 
they have hitherto tended, will prevent any 
excess of reaction. In this imperfect  re- 
view of a subject commensurate with the 
history of the human race, at least, and 
generally believed to extend its rootlets to 
the lowest grades of organic life, we have 
seen that the key to the history of the evo- 
lution of the race lies in the distinction of 
sex, 

This distinction, making its appearance 
at the very threshold of development of 
organized structures, part passe becomes 
more marked and intricate with increased 
complexity of form and function, till perfect 
dualism is reached and exemplified in man, 
the crowning result of creation by evolution. 

Its two phases, male and female, are not 
opposed in the sense of being antagonistic, 
but complementary rather, and so related 
that each finds development only in and 
through the other, 

In the eloquent language of Rochsig— 
“The law of polarity, which applies seem- 
ingly to all inorganie Nature and controls 
the realm of life, gains its crowning efflores- 
cence in the cistinction of sex, and asserts 
its deminion over the operations of mind 


itself.” 
Frances Emiy Wuite, M. D. 


PuILavELpoia, January 20, 1575, 
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EDITOR’S TABLE. 


CAIRNES ON SOCIAL EVOLUTION, 


N an claborate article contributed 

to the January Lortnightly Review, 
Prof. Cairnes has attacked the social 
philosophy of Tlerbert Spencer. The 
paper is too long to be wholly trans- 
ferred to our pages, and so we reprint 
the first half; but that, it happens, is 
the most important part, and a little 
examination of its quality will show 
that not much has been lost by omit- 
ting the remainder. Coming from the 
source it does, we read the article with 
not a little surprise, for its writer 
either has no clear understanding of 
his subjeet, or he is trifling with it in a 
very inexcusable way. ‘The subject is 
undoubtedly an important one, and is 
entitled to be considered with the ut- 
most intelligence and candor. The 
Saturday Review tells us that ‘“ Kug- 
lishmen hate men who offer them new 
ideas.” This may be extravagant, but 
if it had said they hate men who offer 
them new ideas upon social topics it 
would probably have been nearer the 
truth. Social science implies that there 
are great natural agencies by which so- 
ciety in the past las been developed, 
and by which it is still largely regu- 
lated; but, of all people in the world, 
the English should be the least sympa- 
thetic with such a view, for nowhere 
else has Nature been more overlaid 
and buried out of sight by human arts, 
arrangements, and conventions, than in 
that country. But, whether under a 
patriotic bias or not, Prof. Cairnes is at 
no pains to conceal his dislike of Spen- 
cer’s social doctrines, As a politician 
and a philanthropist enlisted in the 
service of humanity, he takes ground 
against their general influence. From 
this point of view he opposes Mr. Spen- 
cer to Mr. Mill as follows: 


“On the one hand there is the phi- 
losophy of Mr. Spencer contemplating 
the career of humanity as fixed with 
regard to its main direction, as prede- 
termined to move along certain defined 
or at least definable lines of progress, 
constantly shaping itself under the in- 
fluence of causes which produce their 
effects spontaneously, Can we 
have any doubt as to the tendency of 
such teaching? As to its paralyzing 
effect on laborers in the field of bhu- 
man improvement? . . . Contrast with 
this the teaching of that other philoso- 
phy with which Mr. Spencer’s has been 
confronted in this disenssion—the phi- 
losophy of Mr. Mill, every line of whose 
writings is instinct with the belief that 
there is nothing fixed in human for- 
tunes—that it rests with the individual 
men and women of each generation as 
they pass, cach within the range of his 
or her influence, to make or to mar 
them—whose creed it is that social 
progress is largely dependent on politi- 
cal institutions, which do not ‘grow’ 
while men sleep, but ‘are the work of 
men—owe their origin and their whole 
existence to human will.’” Now, all 
that Prof. Cairnes can make by this 
contrast, he makes, not against any spe- 
cial system of sociological doctrine, but 
against the conception of natural law in 
social affairs; and yet he admits that 
the very ereation of the social state is 
the work of spontaneous natural forces, 
such as have produced the diversities 
of life. He says: “In that primitive 
stage (as Mr. Darwin lias taught us) 
while man remained still 4 savage, and 
even perhaps for some time after he is 
emerged from the savage condition, the 
influences which mould his social de- 
velopment are substantially the same 
with those that govern the develop- 
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ment of a species.” Again, he admits 
that “each stage in human progress is 
the outcome and result of the stage 
which has immediately preceded it, 
and that the whole series of stages, be- 
ginning with savage life and ending 
with the most advanced existing eivili- 
zation, represents a connected chain, 
of which the links are bound together 
as sequences in precisely the same way 
as in the instanees of causation pre- 
sented by other departments of Na- 
ture. Some such assumption as this 


must necessarily form the basis of all | 


attempts at a rational interpretation of 
history.” But if Prof. Cairnes (without 
damping his reformatory ardor) ean 


hold that society is bound iu the chains | 


of causation like “other departments 
ot Nature,” why should other laborers 
in the field of human improvement be 
paralyzed? If the holding of a belief 
in the ntmost fatalism of law in social 
affairs is not sufficient to clip the wings 
or trip the heels of Prof. Cairnes’s 
philanthropy, wherefore 
Spencer be depressed, who avows no 
such extreme views? The effect, in- 
deed, ought to be rather the contrary, for 
Prof. Cairnes maintains that his chain 
of causation, which is dragging the 
world’s events along, is not raising or 


shonld Mr. | 
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know, that Mr. Spencer's labors for the 
last fitteen years have been only prepar- 
atory to the elucidation of the principles 
of sociology. Ue has but jnst entered 
upon that work which will oceupy hin, 
if he lives, for the next five or six years, 
The doctrine of soeial evolution he has 
not yet developed; and by that alone 
can he be fairly judged as a sociologist. 
Prof. Cairnes condemns him before he 
begins. lis article is a review of the 
“Study of Sociology” which he as- 
sumes to embody “ the elementary doc- 
trines of the new science.” But that 
work attempts no such thing; it, in 
fact, earefully avoids the consideration 
of the principles or science of the sub- 
ject. Jt discusses outlying qnestions, 
which have, indeed, a bearing upon the 
general snhject, but it is neither an ex- 
position nor a defense of its elementary 
doctrines, 

But, although Mr. Spencer’s views 
upon sociology have hitherto only 
been put torth partially and incident- 
ally, there is no excuse for such erro- 
neous conceptions of them as Prof. 
Cairnes entertains. He goes back to 
an old essay on the ‘Social Organ- 
ism,” in which Mr. Spencer, nearly 


twenty years ago, pointed out some 


improving them, which would seem to. 


be rather a gloomy reflection; while, 
on the other hand, Mr. Spencer holds 
that the great and irresistible tendency 


of things is toward a higher and better | 


state, a view which is fitted to inspire 
something like the joy of a religious 
hope in a happier future. But, how- 
ever that may be, Prof. Cairnes brings to 
the discnssion of the subject his preju- 
dices as a politician, or an English- 
man, or some other perversity, and, as 
we are now to see, they blind him to 
the truth of the subject he has taken up. 

Prof. Cairnes, as we have said, ei- 
ther does not understand Spencer, or 
he culpably misrepresents him, Every- 
body knows, or, at least, every one 
who writes upon the subject ought to 
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analogies between the structure and ac- 
tions of the body politic and those of 
individual organisms, and says that. 
Spencer’s doctrine of soeial evolution 
is based upon this analogy. He asserts 
that Spencer’s theory of social evolution 
“represents a speculation transferred 
from the domain of physiology and zo- 
ology into that of social inquiry, and 
the speculation so transferred is applied 
withont question or scruple to the in- 
terpretation of human atfairs;” and, 
again, he speaks of “that analogy be- 
tween the social and animal organisms 
on which the whole speculation is built 
np.” We eannot conceive a grosser 
misapprehension than this, Mr. Spen- 
cer maintains that the law of evolution 
is universal because the evidence of it 
is found in each of the great divisions 


613 


of natural phonomena. In the social 
sphere the principle rests upon observed 
effects, and is an induction from the facts 
belonging to that sphere, just as strietly 
as the law of organic evolution is de- 
rived from facets in the biological field. 
This is abundantly shown in “ First 
Principles,” where the law, as applied 
to soeiety, rests upon its own inde- 
pendent basis, and not upon the analogy 
of the social to the individual organism. 
So far, indeed, from proceeding by the 
method stated by Prof. Cairnes, Mr. 
Spencer actually proceeded by the re- 
verse method: instead of beginning with 
biology and carrying out his eonelusions 
to be applied to society, he began first, 
and early in lite, the direct study of 
social phenomena, and pursued that line 
of inquiry many years betore taking up 
biology. With Prot. Cairnes’s criticism 
of the “analogy”? we have nothing to 
do; nor is it of any importance that 
Huxley and Speneer had a controversy 
about it. The question is as old as 
Plato, and both Cairnes and IIuxley ad- 
mit that the analogy has some value— 
Mr. Spencer never claimed for it any 
thing more. We only say that the 
use the reviewer makes of it proves 
that le has taken but little pains to 
inform himself of Mr. Spencer’s real 
doctrines. 

Let us now consider Prof. Cairnes’s 
main ground of attaek npon Spencer's 
theory of social evolution, Calling at- 
tention to the fact that the social eon- 
dition of the largest portion of the 
human race is stationary, and that 
there are numerons examples of social 
retrogression, he charges Mr. Spencer 
with ignoring these facts because they 
have no place in histheory of evolution. 
We have now, he says, three thousand 
years of history, and “surely, before 
propounding his speculation as a law 
of human society, from whieh he is at 
onee justified in deducing consequences 
of the largest kind bearing upon human 
conduct, Mr. Spencer was bound to 
consider what amount of countenance 
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or support it received from the evidence 
derivable from such fields of research ; 
but from the application of this test he 
has wholly abstained” (the italics are 
ours). And, after referring to the back- 
ward movement of human affairs in 
Europe, for many centuries, he adds 
that “the verdict of history, as now 
understood by its most competent in- 
terpreters, is distinctly opposed to the 
theory of social evolution enunciated by 
Mr. Spencer. Now, this is a fact that 
has been completely ignored by that dis- 
tinguished writer: he has simply passed 
it by as not coneerning his argument; 
and, in doing so, has, as I contend, set 
at naught one of the best-understood 
canons of the induetive method.’ These 
passages, and the whole argument in 
which their thonght is expanded, simply 
show (if we may be allowed to speak 
plainly) that Prof. Cairnes does not 
know what he is talking about. Lis 
statements are squarely against all the 
facts. So far is it from being trne that 
Mr. Spencer ignores history in his social 
theories, that he has made the most 
elaborate and extensive preparations in 
this direction for future use in working 
out the principles of sociology. Nor 
were these preparations mere projeets 
yet to be exeented. The facts of the 
sociological history of England, on a 
most comprehensive plan, had been col- 
lated, and organized, and published a 
year and a half, when Prof. Cairnes 
comes forward to charge him with 
neglecting history. The professor, in- 
deed, seems not to have the faintest 
idea of Mr. Spencer’s real attitnde 
toward his subject. Had he examined 
the work just referred to, which was 
his bounden duty as a reviewer, he 
would have discovered that, so far from 
ignoring history in social atfairs, Mr. 
Spencer is doing more than any other 
man to bring it forward and give it its 
trne place in the scientific study of so- 
eiety. He would have found that, of 
the three great social groups into which 
the human race is divided by Mr. Spen- 
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cer, one is classified as low and station- 
ary, and another as deeaying or retro- 
grading; and that the social career of 
the declining and dead civilizations, 
Jewish, Egyptian, Greek, Roman, Mexi- 
ean, and Peruvian, are made the snb- 
jects of investigation, as well as the 
advancing communities of the present 
time. Prof. Cairnes declares that Mr. 
Spencer has “ completely ignored’ the 
phenomena of social retrogression, when 
within a year Mr. Spencer has issned 
the first volume ever printed on the 
sociological history of a group of de- 
cayed communities. 

Nor is this all; there is even less 
exeuse than now appears for the absurd 
misrepresentations in Prof, Cairnes’s ar- 
ticle. Mr. Spencer has commenced the 
“Principles of Sociology,” and two 
numbers of that work had appeared 
before Prof. Cairnes published his erit- 
icism. Again we say, that he was 
bonnd to Lave consulted these, or have 
held his peace in regard to Mr. Spen- 
eer’s doctrines. The following qnota- 
tion from the part last issned, and 
which was printed two months before 
the Fortnightly article, will settle the 
question, and render any further notice 
of the professor's arguinent unneces- 
sary: 

“Evolution is commonly conceived to 
imply in every thing an zutrimsie tendency 
to become something higher, but this is an 
erroneous conception of it. In all oases it is 
determined by the codperation of inner and 
outer factors. . . . Usually neither advauce 
nor recession results, and often, certain pre- 
viously-acquired structures being rendered 
superfluous, there results a simpler form, 
Only now and then does the environing 
change initiate in the organism a new com- 
plication, and so produce a somewhat higher 
typo. ILlence the truth that while for im- 
measurable periods some types have neither 
advanoed nor receded, and while in other 
types there has been further evolution, there 
are many types in which retrogression has 
happened... . Of all existing species of 
auimals, if we include parasites, the greater 
number have retrograded from a structure to 
whieh their remote ancestors had once ad- 
vanced. Often, indeed, progression in some 
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types involves retrogression in others, For 
always the more evolved type, conquering 
by the aid of its acquired superiority, tends 
to drive competing types into inferior habi- 
tats, and less profitable modes of life; usu- 
ally implying some disuse and deeay of their 
higher powers. 

“As with organic cvolution, so with su- 
per-organic evolution. Though, taking the 
entire assemblage of societies, evolution may 
be held inevitable as an ultimate effect of 
the codperating factors, intrinsie and extrin- 
sic, acting on them all through indefinite 
periods of time, yet it cannot be held inev- 
itable in each particnlar society, or even 
probable. A social organism, like an indi- 
vidual organism, undergoes modifieations 
until it comes into equilibrium with envi- 
roning conditions, and thereupon continues 
without further change of structure. When 
the conditions are changed, meteorologically 
or geologically, or by alterations in the Flora 
and Fauna, or by migration consequent on 
pressure of population, or by flight before 
usurping races, some change of social struct- 
ureis entailed. But this change docs not nec- 
essarily imply advance. Often it is toward 
neither a higher nor a lower structure. 
Where the habitat entails modes of life 
that are inferior, some degradation results. 
Only oceasionally is the new combination 
of factors such as to cause a change consti- 
tuting a step in social evolution, and initiat~ 
ing a social type which spreads and sup- 
plants interior social types. For with these 
super-organic aggregates, as with the organ- 
ic aggregates, progression in some produces 
retrogression in others; the more-evolved 
societies drive the less-evolved socictics into 
unfavorable habitats, and so entail on them 
decrease of size, or decay of structure. 

“Direct evidence forces this conclusion 
upon us. Lapse from higher civilization 
to lower civilization, made fumiliar during 
school-days, is further exemplitied as our 
knowledge widens. Egyptians, Babyloni- 
ans, Assyrians, Phoenicians, Persians, Jews, 
Grecks, Romans—it needs but to name these 
to be reminded that mauy large and highly- 
evolved societies have either disappeared, 
or have dwindled to barbarous hordes, or 
have been long passing through slow decay, 
Rnins show us that in Java there existed, in 
the past, a more developed society than ex~ 
ists now; and the like is shown by ruins in 
Cambodia, Peru and Mexico were once the 
seats of sooleties large and elaborately or- 
ganized, that have been disorganized hy 
conquest; and where the cities of Central 
America once contained great populations, 
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earrying on various industries aud arts, there 
are now but seattered tribes of savages. Un- 
questionably eauses like these which pro- 
dueed these retrogressions, have been at 
work during the whole period of’ human ex- 
istenee. Always there have been cosmical 
and terrestrial changes going on, which, 
bettering some habitats, have made others 
worse; always there have been over-popula- 
tions, spreadings of tribes, and escape of the 
defeated into localities unfit for such ad- 
vanced social life as they had reached; al- 
ways, Where evolution has been uninter- 
Yered with externally, there have been those 
deeay's and dissolutions which complete the 
eycles of so¢ial changes. That supplanting 
of race by race, and trusting into corners 
such inferior races as are not exterminated, 
which are now going on so actively, and which 
have been going on from the earliest recorded 
times, must have been ever going on. And 
the implieation is that remnants of inferior 
races, taking refuge in inclement, barren, or 
otherwise unfit regions, have retrograded.” 


MENTAL PICTURING IN SCIENCE. 


We pointed out some indications 
Jast month of the mitigated asperities 
in the Tyndall controversy, as evinced 
by the tone of the graver periodicals, 
and may now observe that a much more 
conciliatory and reasonable spirit be- 
gins to be manifested by the newspaper 
press. The topic is by no means worn 
out, and if our theological friends have 
the interests of education at heart, and 
are at all capable of gratitude, they 
will vote a medal of honor to Prof. 
Tyndall for his eminent services in 
arousing multitudes to think carefully 
upon important questions of which they 
have hitherto thought carelessly or not 
at all. There has not, in a long time, 
been such a general scientific and phil- 
osophic shaking-up as the Belfast Ad- 
dress has produced ; and the result must 
be, that many will work their way to 
rnuch clearer conceptions of the scope 
of science and its relations to religion. 

A leading article appeared in the 
last issue of Church and State, in the 
most excellent temper. but still ingen- 
ionsly protesting against some of Prof, 
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Tyndall’s views. In his late reply 
to his critics, the professor has said: 
“The kingdom of science, then, cometh 
not by observation and experiment 
alone, but is completed by fixing the 
roots of observation and experiment in 
a region inaccessible to both, and in 
dealing with which we are forced to 
fall back upon the picturing power of 
the mind.” To this the writer takes 
exception, and questions whether it is 
right or advisable for the scientist ‘to 
fall back on the picturing power of the 
mind.” Ile thinks it is allowable for 
the theologian to do this, but to scien- 
tists he says: ‘Why not go on observ- 
ing, and leave others to conjecturing ?”’ 
And, again, he remarks: ‘“ Of one thing 
we are sure, that, so far as the scientific 
investigators fall back upon the pictur- 
ing power of the mind, they must re- 
Hinquish the claims of positive science.” 

This strikes us as a quite erroneous 
view of the case. The scientific investi- 
gator can no more renounce thie pictur- 
ing faculty in his mind, than he can 
renounce the heart in his body; and he 
can no more confine himself tc observing 
and leave conjecturing to others, than 
he can contine himself to digestion and 
leave respiration to others. To suppress 
the picturing power of the mind would 
put an embargo on all intellectual opera- 
tions, and, in fact, put an end to thought 
itself. For what is thought but repre- 
sentation in consciousness, and what is 
it to represent but to reproduce men- 
tally, to picture, to image, or exercise 
the image-forming faculty—the imagi- 
nation? There are, of course, other 
mental operations, but they are per- 
formed upon the representations in con- 
sciousness—upon the objects of thought 
imagined, or imaged to the mind’s eye. 
Not a step can be taken in science ex- 
cept by this mental procedure. The 
object of science is truth, and what is 
truth but the faithful representation in 
thought of the order and relations of 
natural things? Everybody imagines, 
but their mental images do not always 
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correspond to the realities; their mental 
pictures misrepresent. The man of sci- 
ence imagines—frames a view as the 
initial step of all his procedures; and 
then, by the mental processes of com- 
parison, reasoning, inference, proot— 
guided by observation and experiment 
—he strives to give truth to his view; 
that is, to harmonize it with facts, and 
allits parts with each other. Our writer 
says that science starts with observa- 
tion and experiment, but the real start- 
ing-point is farther back. A mental 
representation must be made before it 
can be verified. <A certain state of 
things is ednceived or put together in 
thought, and is called an hypothesis; and 
then observation and experiment are 
appealed to, to test the correctness of 
the representation—the truthfulness of 
the mental picture. Science is not 
merely seeing with the eye or fumbling 
with instraments—any blockhead can 
do these—but it is to reconstruct Nature 
in thought, representing all her diverse 
objects, subtile relations, and complexi- 
ties of change, so truly, that by every 
test the representation shall answer to 
the verities. To do this, the imagination 
or image-forming faculty comes into in- 
cessant play. And more than this, the 
genius of the discoverer depends, first 
of all, upon the vividness of his imagi- 
nation and the power of keeping his 
pietures steadily before the mind’s eye 
until their errors are deteeted or their 
accuracy established. The work of sci- 
ence, in fact, consists, from first to last, 
in the verification of mental pictures, 
The scientific man must be fertile in 
imaginative resources, but stern in his 
rejection of views that cannot be ad- 
justed to facts. The poet has no such 
discipline, for his object is not truth. 
The theologian has no such discipline, 
for he cannot submit his views to ob- 
servation and experiment, so as to test 
their congruity with the objective world 
and with each other. The picturing 
faculty is employed by all minds, but 
only the trained scientist makes it sub- 
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servient to the true understanding of 
the order of things around. 

Sufficient has been said to show that 
imaginatiou is indispensable to science ; 
but it may be asked, ‘‘ If observation and 
experiment are the means of science for 
controlling the imagination, and if they 
furnish the conditions of its valid exer- 
cise, why prolong the vision beyond the 
line of experimental evidence?” The 
reply is, that senses and instruments are 
imperfect, and their indications require 
to be supplemented by reason. They 
break down at a certain point, but that 
point is very far from being the limit 
of Nature. As experiments are per- 
fected, the line of sensible demonstra- 
tion is pnshed backward constantly, dis- 
closing a continuous order. It is a 
right of reason and a legitimate pro- 
cedure of science, to pursue this order, 
if the explication of known phenomena 
require it. The results, of course, must 
conform to what is established—must 
harmonize with all that observation and 
experiment have gained; but thought 
may be compelled to go far deeper than 
experiment for the explanation of facts 
already known. : 

To make this statement more con- 
crete, let us take the very case put by 
Prof. Tyndall—the ultimate constitu- 
tion of matter. By various lines of 
proof, the physicist is bronght to the 
conclusion that there are such things as 
amazingly-minute physical units which 
he calls molecules. In their smallness 
they are far beyond the border of all 
sensible observation; but he is driven 
to the conclusion that they exist as reali- 
ties, and he has to represent then in 
thought. He mentally pictures a mole- 
cule as the smallest particle of matter 
that can exist separately and retain its 
physical properties. Prof. Thompson 
finds physical and mathematical evi- 
denee pointing down to the actual size 
of molecules. From this he infers that 
those of water have diameters that 
fall within the limits of gsgytgqpy and 
soootoees Of an inch; and adds that, if 
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we conceive a sphere of water as large 
as a pea to be magnified to the size 
of the earth, each molecule being mag- 
nified to the same extent, the magnified 
structure would be coarser-grained than 
a heap of small lead shot, but less 
coarse-grained than a heap of cricket- 
balls. The evidence in this case may 
be insufficient; it may become more 
complete; but the conception of physi- 
eal units, in snbsensible depths far be- 
yond the reach of possible observation or 
experiment, is inevitable to the physi- 
cist and perfectly legitimate to science. 

The chemist now steps in with a 
new view of the case. He accepts the 
molecule of the physicist, but to him it 
is no longer a unit. He decomposes it 
into new kinds of matter, with new 
properties. IIe resolves it into a still 
lower order of units, which he terms 
atoms. Chemistry presents us with a 
vast mass of observations and experi- 
ments, but they cannot be connected, 
resolved, interpreted, and stated, ex- 
cept in transsensible terms of the im- 
agination—molecules and atoms. Phys- 
ics and chemistry, in their latest and 
highest aspects, are compelled to fall 
back npon these conceptions of sub- 


sensible units as nothing less than the | 


ultimate foundations of science. 


THE INTERCOLLEGIATE SPOUTING- 
MATOIL 


“Tne higher education” advances 
apace. We chronicled in due time the 
great impulse that it received at Sara- 
toga last summer, when a mob that no 
man could number hustled its dusty 
way over to the lake to see which set 
of collegians could pull through the 
water the fastest. One of the boats 
came ont ahead—as was rather una- 
voidable—whereupon everybody shook 
hands and uproarionsly agreed that this 
college business must be in a very pros- 
perous way. 

And now the ‘higher education” 
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has taken another spirited stride for- 
ward. Half a dozen collegesin different 
parts of the country having made up a 
grand spouting-match, hired the Acade- 
niy of Music in the metropolis for the 
exhibition, got tugether three news- 
paper editors for judges, brought on 
their most promising young declaimers, 
and let off the show before a large 
and admiring audience. Nothing was 
wanting to call ont the best efforts of 
the candidates, who were fired by per- 
sonal ambition, collegiate rivalry, audi- 
torial applause, and impending news- 
paper glory, while even more peppery 
and pungent incentives were by no 
means overlooked. It is related that, 
on a certain oecasion, the sportsmen 
somewhere out West resolved to have 
a grand fox-hunt in the true old Eng- 
lish style: And so they came together 
with horses and hounds, not forgetting 
to bring the indispensable little beast 
they were going te hunt, which came 
secure in its cage. When all was ready, 
they let the fox go. The animal might 
probably have been trusted to run by 
natural instinct, but, to furnish him with 
an immediate motive for making his 
best speed, they gave him a ent with 
a horse-whip as he escaped. In the 
case of the young orators the starting- 
fillip was different. The high incen- 


| tives might perliaps have sufliced to un- 


seal the fountains of eloquence, but, 
to insure a gushing flow, an additional 
stimulus of $175 was held out as a pre- 
minum to the winner. Whether the 
greenbacks were put in a purse and 
placed in conspicuous view of the con- 
testants, does not appear. Be this as it 
may, they strove with each other, the 
editorial discrimination was invoked, 
some one got the money, and the others 
of conrse didn’t; and it was agreed all 
around that the canse of the higher 
education had been moved along several 
notches, 

Well, if the potsherds of the earth 
may be permitted to strive with each 
other, why not the colleges?—if the boys 
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of the street may pitch pennies for the 
sake of winning them, why should not 
‘the students secnre a little pelf by a 
trial of skill with their tongues? —all 
we ask is that the policy shall be for- 
mulated and recognized. We hope that 
in future the advocates of the perfection 
of our college system of culture will 
consent to regard it as a composite sys- 
tem working in various ways, and ap- 
pealing to divers motives for the attain- 
nent of its ends. Hitherto we have been 
assured with great emphasis that this 
system—the perfected and pnritied re- 
sult of centuries of experience—has risen 
above all low and sordid indueements, 
and rests its superior claims on the dig- 
nity of scholarship, the value of knowl- 
edge for its own sake, and the intrinsic 
excellence of culture. When it has been 
urged that college studies are susceptible 
of wise amendment, and should be ar- 
ranged with some reference to the future 
needs of the student’s life, the suggestion 
has been repelled with indignation, as 
born of a base, utilitarian, bread-and- 
butter motive that would degrade the 
lofty and disinterested ideal that should 
ever beheld before the student—the cul- 
tivation and discipline of his intellectual 
powers, as an end in itself, to be debased 
by none of the vulgar incentives which 
animate the beastly crowd in the prac- 
tical scrambles of life. To be sure, we 
have known that, notwithstanding all 
this sounding talk, the higher institu- 
tions have not hesitated to use the vulgar 
spurs of action by which human nature 
is everywhere moved. They are very 


far from having disdained the appeal to | 


mercenary motives. The great univer- 
sities of England are notoriously worked 
by eash bribes, in the shape of fellow- 
ships—honorary positions with incomes 
attached, which are securable by profi- 
ciency in eertain prescribed studies. 
The universities have immense ineomes 
and are enabled to cling to their media- 
val courses of study in defiance of pub- 
lic opinion and the demand for reform, 
mainly through the pecuniary prizes 
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which in this way they hold out to stu- 
dents. And this policy, in modified 
forms, is extending to other collegiate 
institutions as fast as they can get the 
money for the purpose. Rich people 
are inspired with the ambition of en- 
couraging learning; that is, they get 
some crotchet or hobby of education, 
which they are willing to back with 
money, and then prizes are founded, and 
the students set into a fever of emula- 
tion to gain them. In this way sordid 
inducements become a part of the sys- 
tem, and, as most of the donors have been 
educated in the old way, their money 
goes to perpetuate it. Lut no sooner 
do the friends of science demand that 
modern studies shall have an equal 
chance with the ancient studies, and 
that the knowledge which is necessary 
for guidance in life shall be put upon an 
equality with dead languages, than the 
champions of the colleges are at once 
upon their dignity, and beg to know 
if the grand old liberal and ennobling 
culture conseerated by centuries is to go 
down before the narrow and selfish ex- 
actions of a materialistic and money- 
getting age. But these gentlemen are 
not, after all, unmindful of the educa- 
tional potency of filthy Incre, nor that 
students may be plied with the motives 
of the gamester—the passion to win. 
The intercollegiate speaking-match had 
about it more of the ethics and incite- 
ments of the cockpit than is quite con- 
sistent with the lofty claims that are 
put forth in regard to the mspirations 
of the higher culture. We doubt if the 
multiplication of intercollegiate con- 
tests and ostentatious rivalries, whether 
for the winning of purses, or the beat- 
ing of antagonists, or the exhibition of 
accomplishments, is either healthy in its 
influence upon the internal life of the 
institutions themselves, or favorable to 
that quiet, concentrated, uninterrupted 
mental exercise which is the indispen- 
sable condition of solid attainments and 
sterling scholarly eharaeter. 
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LITERARY NOTICES. 


Report or Troe Cuicaco Rs~rer and AID 
Society or DispurseMENT OF ConTRIBU- 
TIONS FOR THE SUFFERERS BY THE Cut- 
cago Fire. Printed for the Chicago 
Relief and Aid Society, at the Riverside 
Press, 1874, 


Turs volume is one of unique and re- 
markable interest, founded on one of the 
most terrible tragedies in all history. With- 
in a period of twenty-four hours an immense 
portion of a great eity was laid in ashes. 
The total area burned over was 2,124 
acres, or nearly 34 square miles, containing 
about 73 miles of streets and 18,000 build- 
ings, while, of a population of 334,000, the 
houses of 100,000 were destroyed. Of the 
experience of that terrible Sunday night, 
when the conflagration spread through the 
city before a driving gale of wind, the 
“Report” remarks as follows : 


“ As the fire raged, the number of home- 
less people became greater and greater, and, 
possessed by fright, many were inapt ip ex- 
pedients of self-preservation. Many sought 
temporary abodes for themselves and their 
effects in the hospitable homes of their neigh- 
bors. But the hope of security here was soon 
surrendered, and those who had been but 
mere spectators of their neighbors’ calami- 
ties, were now panie-stricken householders, 
engaged in taking eare of themselves, their 
families, and their property, until thousands 
together were fleeing west, north, and south, 
in consternation, and frequently in despair 
of saving life. And thus the streets were 
filled with an indeseribable mass of fugi- 
tives forcing their way through the stifling 
clouds of dust, smoke, and cinders, and the 
confusion and utter chaos of the night—a 
night lurid with flames, the reflection of 
which, in itself, gave to the eountenances of 
these fleeing thousands an awe-strieken and 
almost unearthly aspeet. The hissing and 
crackling of the flames, and the deafening 
roar of the gale, the pelting cinders and 
brands, and the crumbling of material, gave 
tragic coloring to the scene, and leave the 
night memorable in the minds of those who 
witnessed it, as a pieture of appalling hor- 
ror, distinct in its outlines, weird in its dark 
shadings, but utterly incapable of verbal rep- 
resentation.” 


But, appalling as was this phase of the 
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great disaster, the consequenees it immedi- 
ately entailed were hardly less dreadful: 


* Comparatively few, of those who had 
fled before the flames, had tasted food since 
early Sunday evening, and hunger came to 
them to add its terrors to those of exposure 
and, in many instanees, apprehension of 
death. And then came the greatest terror 
of all—the consciousness of the fact that 
families had been separated; husbands and 
wives, parents and children, were missing. 
The flight had been so rapid, and, in all di- 
rections, the thoroughfares had been so ob- 
structed, and in sme cases utterly impassa- 
ble, by the crowding of vehicles and musses 
of people, and the city itself a wave of fire, it 
is no marvel that, under these circumstances, 
thousands, for the time, were lost sight of, 
and became lonely wanderers; and that 
hundreds perished in the flames. The seeds 
of permanent or teraporary disease sown, the 
bodily suffering and mental anguish endured 
ean never have statistical computation or 
adequate description.” 


Instant measures were required to meet 
the emergency, The news of the calamity 
spread by telegraph through the world, 
roused universal sympathy, and back, along 
the wires, as if by reflex action, came prompt 
offers of abundant assistance. The telegraph 
poured in reports of world-wide contribu- 
tions in money, and the railway-trains came 
freighted with provisions, clothing, mer- 
chandise, and all the necessary supplies 
which a suddenly unhoused and bank- 
rupted commupity might require. To meet 
these universal profters of help, and carry 
out the work of distribution, the ‘“ Relief 
and Aid Society” was called suddenly iuto 
existence, aud the present “ Report” is the 
history of its experience. Its officers con- 
sisted of the ablest men in Chicago, and 
the record of their prompt and vigorous 
doings is in the highest degree interesting 
and instructive. The report they have is- 
sued is a model of systematic, detailed, and 
comprehensive statement of operations, and 
will be permanently valuable, both as an im- 
pressive chapter in the history of Chicago, 
and as a register of experiences that will be 
valuable for eonsultation in similar emer- 
gencies that are liable to happen in other 
cities. The volume before us is gotten up 
in superior style, but we hope there is a 
cheaper edition for general circulation. 


LITERARY NOTICES. 


Tue Doctrine or Descent, anp Darwinism. 
By Osean Scumipr, Professor in the 
University of Strasbourg. With Tus- 
trations, 354 pages. Trice, $1.50, D. 
Appleton & Co. No. NII. of the “In- 
ternational Scientific Series.” 

A PporULAR exposition of the general 
doctrine of Development and Descent, within 
moderate limits, has been long wanted. Mr. 
Darwin's works are voluminous, and they 
elaborate special points with a minuteness 
of detail and a wealth of learning that are 
the delight of the student, but are not 
attractive to the general reader. A com- 
pend of the main facts and essential logic 
of his system, as now widely aceepted by 
naturalists, is therefore a desideratum in 
scientific literature, Various attempts have 
been made to meet this need, but they have 
generally been defective in statement, and 
made by men who did not know the subject 
at first hand. Prof. Schmidt's volume fairly 
covers the ground, and is brought within 
convenient limits for the general reader ; 
while its author is an independent investi- 
gator in natural history, aud has made his 
own original contributions’ to the theory 
which his book explains, As a piece of 
exposition the volume is quite remarkable, 
and its writer may be congratulated for 
having done his part toward relieving Ger- 
man men of science from the imputation 
recently intimated by Helmholtz, that they 
are behind those of other countries as Incid 
and suecessful popular teachers. There are 
a meatiness and a density of thought in this 
little work which betray the close German 
thinker, and keep the reader well occupied ; 
but there area wit, point, and polemical force 
in his pages, that relieve them from dry- 
ness, and well sustain the reader’s atten- 
tion. Yet the characteristic of the volume 
is that the author has scized the essential 
points of the great argument, and brought 
out, with unexampled success, the strength 


of what may be called the Darwinian posi- | 


tiou. The broad philosophic doctrine of 
Evolution he does not attempt to discuss, 
but limits his argument to the field of biol- 
ogy, tothe Animal World in its Present State, 
the Phenomena of Reproduction, Historical 
and Paleontological Development, the Geo- 
logical and Geographica] Distribution of 
Life, Heredity, Reversion, Selection, Deriva- 
tion, and Pedigree. An able chapter is 
Vou. v1.—40 
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given to Special Creation and the Nature 
of Species; the Bearing of Linguistie In- 
quiry upon the Doctriue of Development is 
presented; and the concluding chapter is 
devoted to the question of the Descent of 
Man. Cn all these subjects the author is 
up to the latest results, and presents them 
in a well-methodized form. 

This volume covers very important 
ground in the popular scientific series to 
whieh it belongs, as its doetrines are some- 
times implied and frequently referred to in 
the other books, and it is therefore satis- 
factory to know that Prof. Schmidt has exe- 
cuted his work with judgment and ability. 


RELIGION AS AFFECTED BY Mopern MatTeERt- 
autism. By James Martineau, D. D., LL. 
PD. With an Introduetion by the Rey. H. 
W. Bettows. 68 pp. Price, 75 cents. 
Dr. Marriveav is one of the most affin- 
ent and captivating of modern theological 
writers, and is regarded as perhaps the 
leading English champion of Unitarian het- 
erodoxy. His “Essays, Philosophical and 
Theological,” reprinted by the Putnams, 
range over a wide variety of topics, and 
display much acuteness and lovical force, 
but their chief characteristic is the imagina- 
tive raciness of their style. The essay now 
issued, and which was delivered as an ad- 
dress before the Manchester New College, 
is a brilliant rhetorical polemic, called forth 
by Tyndall’s address, in which the author 
aims to expose what. he regards as the in- 
consistency, the basclessness, and the ab- 
surdity, of modern materialistic philosophy. 
Many of his hits are fine, and many of his 
sarcasmns biting, and the whole discussion 
is most readable, but we think the author 
leaves the subject very much as he found 
it. We fail to see that his breadth and 
liberality give him any advantage in tis 
discussion over the narrow and bigoted 
theologian. As an historical fact, theologi- 
cal doctrines have stood in the way of Sci- 
ence at every great step of its advancement. 
Nor have the theolegians ever consented to 
take their doctrines out of the way; the dis- 
agreeable duty has been imposed upon Sci- 
ence, all along, of displacing them. Nor does 
there seem to be yet, on the part of theolo- 
gians, much disposition to change their tac- 
i ties; they still plant down their dogmas in 
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tho pathway of investigation, and then de- 
nounce the antagonism of science, and the 
aggressiveness of its cultivators—because 
they will hold to their old course and drive on. 
{n the present phase of the conflict, it is in- 
sisted upon, with a strange perversity, that 
Science is somehow the rival of the Deity; 
that what Science gains, the Creator loses. 
To the vulgar religious mind, thunder and 
lightning were formerly regarded as the im- 
mediate displays of Divine power and inter- 
vention in the management of earthly af- 
fairs, and, when Science affirmed that it 
could discern the promise and potency of 
these effects in matter, the ignorant theolo- 
gian protested that God was in this way 
expelled from so much of his universe. Sei- 
ence has thus been interpreted as driving 
him out of sphere after sphere, until at last 
only a corner of the universe remains where 
the operations of the Divinity can be seen, 
and that is the realm of life, Prof. Tyn- 
dall now comes forward and says that be 
sees also in matter the promise and potency 
of every form of life, and the ery is raised 
that this is the final audacious aggression 
of Science, which drives the Divinity from 
the universe, and lands the human mind in 
scientific materialism and scientific athe- 
ism. If we understand Dr, Martineau, he 
holds this position in common with the nar- 
rowest of the orthodox. Yet there are 
nany divines who sec that the whole course 
of theology in this been 
wrong, and that, rightly viewed, every suc- 
cessive step taken by Seience, in conquering 
the world to the laws of order, has only 
strengthened and exalted the true view of 
the Divine government of the world. 


respect has 


Taree Essays on Reticion. By Joun Srv- | 
New | 


ART MILL. 802 pp. Price, $2.50. 

York: Henry Holt & Co. 

Tue three claborate essays which con- 
stitute this work are on the following sub- 
jects: I.-Nature; II, Utility of Religion; 
If. Theism. The first two of these were 
written some twenty years ago, the last 
within half a dozen years; but Miss Taylor, 
the editor, in her ‘Introductory Notice,” 
says that Mr. Mill intended to publish the 
essay on Nature—one of the first written— 
in 1878. From this it would appear that 


tae views upon religious subjects whieh Mr. | ture is involved, 
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Mill entertained a quarter of a century ago 
were those that he continued to hold during 
life ; indeed, Miss Taylor says that “it is cer- 
tain that the author considered the opinions 
expressed in these different essays as funda- 
mentally consistent;” and she adds, ‘It is 
apparent that his manner of thinking had 
undergone no substantial change.” 

Now, whatever Mr. Mill wrote upon sub- 
jects that had engaged his long and earnest 
attention was always valuable and worthy 
of thoughtful perusal; and, certainly, his 
reflections upon so universally important a 
matter as religion are entitled to grave 
consideration. And yet Mr. Mill’s claim to 
be heard rests only upon the broad pre- 
sumptive ground of his acknowledged great- 
ness as a thinker, and our interest to know 
what he said is much the same as it would 
be in the views of Plato, Averroes, or Kant. 
For, as a thinker, Mr. Mill is already his- 
toric—historic not merely in the sense that 
he is dead, but that he is separated from 
the present by a great epoch of change in 
the philosophic view of Nature, and as be- 
longing to an old dispensation of thought. 
As we have shown before, Mr. Mill virtually 
antedated the scientific era. Ife was edu- 
eated in the most despotic manner, and 
with no more reference to science than if 
that agency bad not appeared in human 
affairs. Ilis whole discipline and mental 
furniture, although thorough and full, were 
ona method that had been perfected before 
science arose; and it was natural, if not 
inevitable, that his philosophic opinions on 
the subject of Nature and religion should 
have been in substantial harmony with the 
old skeptical school. Many questions are 
undoubtedly handled with originality and 
power; but the standing-point from which 
the whole subject is considered belongs to 
the last century. 

That this stand-point has been greatly 
altered within a few years, so as to give 
new aspects to old religious problems, can 
hardly be doubted. The doctrine of evolu- 
tion, which has latterly come forward so 
prominently, is net merely a theory of the 
origin of animal diversities; it is nothing 
less than a philosophy of Nature, and gives 
a new complexion to the great religious 
questions in which the interpretation of Na- 
Our space will not allow 
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us to go into this inquiry, but the ease was 
so well stated, the other day, in relation to 
Mr. Mill, in the editorial columns of the Vew 
York Times, that we cannot do better than 
to quote a passage or two from the artiele. 
The writer says: 


“Much as Mr. Mill had labored in the 
field of modern metaphysics, he was by no 
means so familiar with the modes of reason- 
ing of modern science. Had he been more 
so, he could never have indulged in his ir- 
reverent and almost flippant objections to 
the perfection and the ends of the workings 
of Nature. Nor would he have been so con- 
fident of the tendencies in Nature toward 
pain and degeneracy. The truth is, to the 
modern natural philosopher Nature is by no 
meaus so simple a machinery, or collection 
of guided forces, as it was to the investigator 
even twenty years since, Darwinism has 
changed all that. The simplest results in 
natural phenomena are plainly the effects 
und balaneings of couutless forecs and forms 
ot life, perhaps through millions of ages, 
The aspect and features, for instance, of a 
summer field—its flowers, insects, shrub- 
bery, and animals, the soil and rocks and 
contour, the very hue of the flowers and the 
color of the insects—every simple phenom- 
enon in it is the result and final balance of 
struggling forms of life and opposing forces, 
which must have been working under a 
guiding hand to produce this effect for ‘cons 
of eons.’ The philosopher who should say 
that this did not show contrivance, or the 
perfection he expected, or that this eompli- 
cated machinery suffered from jars, friction, 
und defects, would now, in the judgment of 
the most skeptical scientific men, be like a 
savage criticising the machinery of a steam- 
engine or the operations of a Babbage count- 
ing-machine, The matter is too complicated 
for any human observer to form any intelli- 
gent opinion upon. He neither sees the 
beginuing nor the end. He is not certain 
that le can trace out a few threads of the 
intertwined web, even for a short distance. 
llis best theory, that of ‘ the survival of the 
fittest,’ is only a negative theory. It shows 
why forms of life are destroyed, but never 
‘the origin of species.’ The only thing 
which a philosophical observer can do with 
any reason is to observe, during the short 
space of human history, the drift of things. 
Now, modern science, whether it be cor- 
rectly based or not, is singularly opposed to 
Mr. Mill’s pessimism in this. 

“ According to Darwinism, at least (which 


Mr. Mill certainly would recognize as a good 
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working hypothesis), there is nothing in the 
universe existing or created for pain alone. 
Every instrument of destruction or torture 
—the claws of the tiger, the sting of the 
hornet, the venom of the rattlesnake, the 
teeth of the shark, the beak of the hawk— 
are not designed, or have not arisen, to give 
pain without purpose. They are all origi- 
nally means of defense, or means of gaining 
sustenance, or weapons of attack in the 
struggle for food, or variations of harmless 
organs. Pain is incidental to them, And 
pain, in the Darwinian theory, is never an 
object per se, except as it tends to improve 
the subject. We are not now defending this 
theory of the universe; we only urge that 
modern science, on which Mr. Mill so eon- 
fidently rests, does not present us with a 
universe where pain is the apparent object 
of creation, or where it has no useful ends, 

“Moreover, Mr, Mill would be surprised 
to find that under the Darwinian hypothesis 
there is no degeneracy of the world, no drift 
toward the worst, Nature, to the Darwinian, 
is by no means so black as the elder and 
younger Mills paint her. According to the 
development hypothesis, there is an eternal 
progressive movement through the whole 
universe toward higher forms of life; in 
other words, modern science believes in nec- 
essary and ever-continuing advance. But a 
current toward the Best, a plan of the Cos- 
mos which points toward perfection, a drift 
in the direction of what is complete, a move- 
ment like that of the stars of heaven, con- 
tinuing slowly but surely through countless 
millions of ages, toward one centre of the 
nniverse—the perfectly Good—is surely one 
of the grandest of all indications in natural 
theology of a benevolent and perfect Creator. 
And for an observer, who has but a moment's 
time for observation, to criticise the move- 
ment because it is slow, reaches the height 
of irreverence and conceit.” 


Tne ELEMENTS OF THE PsycnoLocy oF Coc- 
nition, By Ronert Jarpre, B, D., D. 
E. Se. Macmillan & Co. 289 pp. 
Price, $2. 
Tus volume has nothing marked about 
it that calls for attention. It belongs to a 
class, already numerous, which purport to 
be introductions to the study of the human 
mind. It is metaphysical in its method, 
and old in its inculeations. While the au- 
thor designs it “ prineipally for the use of 
students”? who are beginning their philo- 
sophical studies, he confesses to another 
purpose, as follows; “ The writer is ready 
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to admit that one principal object which he 
kept before his mind in the preparation of 
the book, was to show the inadequacy and 
unsatisfactoriness of a prevailing system 
of psychology which may be indicated by 
the word phenomenalism.” By phenome- 
nalism we suppose he means corporealism, 
or the psychology which takes organic con- 
ditions into account in studying mental ef- 
fects. But he “shows the inadequacy” 
of that method chiefly by ignoring it, and 
if disembodied spirits want a text-book of 
psychology adapted to their circumstances, 
the present work may be recommended to 
them as so well suited that il would not 
need revision to free it of any sublunary 
dross. 


Tue Inrivence or Mustc on Heanta ann 
Lire, By Dr, IL. Coomet. Translated 
from the Freneh by Mrs. Laura A, 
Fuint, 242 pp. Price, $1.25. G P. 
Putnam’s Sons. 

An elegantly-printed little volume, with 

an attractive title, which is suggestive of a 

most interesting class of scientific ques- 

tions. But the contents of the book are 
sorely disappointing. The questions we 
expected to mect are not considered, and 
the little science there is is bad. Ina chap- 
ter devoted to “The Nature and Origin of 
Sound,” the current physical explanation 
of the phenomena is rejected, aud a sono- 
rous or musical fluid is resorted to. The 
author says: “Why do not all the ex- 
tended cords of a musical instrument, such 
as a piano, violin, violoncello or guitar, 
repeat together the tone or cry of the voice 
which utters sounds above them? Why, 
of all the cords of the same instrument, do 
those only which are in unison with this 
voice produce sound? Did not the noise, 
the sound, the sonorous wave, as_ they 
choose to call it, which escapes from the 
mouth, strike, disturb, and agitate all the 

strings? Yes, but the sonorous fluid did 

not find all of these its Leyden jar, nor in 

any the capacity for being charged with the 
sonorous fluid. This, I think, is the expla- 


nation of the phenomenon that can never | 


be explained by the theory of the molecular 
vibration of the bodies, or of the undula- 
tions of the air.’ Where such ernde no- 
tions are entertained, we cannot expect a 
very refiuel analysis of the relations of 
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music to the nervous system; nevertheless, 
the volume contaius a good deal of infor- 
mation in which the lovers of music may be 
interested, 


TABLES FOR THE DETERMINATION OF MIN- 
ERALS BY THOSE PuysicaL Properties 
ASCERTAINABLE BY THE AID OF SUCH SiM- 
PLE INsTRUMENTS aS KvERY STUDENT IN 
THE FIELD SHOULD Have wit Him. 
Translated from the German of Weis- 
bach. Enlarged and furnished with a 
Set of Mineral Formulas, a Column of 
Specifie Gravities, and one of the Char- 
acteristic Blow-pipe Reactions, By Prr- 
sivorn Frazer, Jr., A. M., Assistant Ge- 
ologist of the Second Geological Survey 
of Pennsylvania, lately Professor of 
Chemistry in the University of Pennsyl- 
vania, 117 pages. J.B. Lippincott & 
Co, Price, $2.00. 

Tuts is a very valuable little hand-book 
for the student of practical mineralogy, and 
an immense amount of careful and accurate 
information has been condensed into its 
pages. It grew out of the necessities of 
practical teaching in the school of Freiberg, 
and has been revised and adapted for use in 
this country by an experienced American 
geologist, and it is a guide to practical work 
which every student of minerals will find 
indispensable. The method of study to 
which it is tributary is thus indicated in a 
passage from the translator’s introduction : 


‘¢ Every one who has had the good fortune 
to study at the Royal Saxon Mining Acade- 
my, in Freiburg, will bear witness to the effi- 
cacy of the system there pursued for in- 
structing young students in the art of distin- 
guishing mineral species on the spot, by the 
aid of a tolerable memory, and an intelligent 
observation of a few of their most striking 
physical properties—both brought to the 
highest point of perfection of which they 
are capable by judicions cultivation, and 
kept in their best condition by assiduous 
daily exercise. 

“The method of practical instruction 
pursued there, and which has been intro- 
duced by Freiberg graduates into many 
schools in this country, requires merely a 
cabinet of unlabeled winerals, and a pro- 
fessor who can determine—-not one who has 
learned them. Each student, of a class of 
ten or more, places a tray of such mincrals 
before him, and occupies the two hours de- 
voted to “ Praktische Uebung’’ in diseov- 
cring, by the aid of the knife, the streak- 
tablet, the file, and the magnitying-glass, 
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the true nature of as many of these minerals 
as possible. There is, however, a large class 
of minerals (the silicates, ete.) which, unless 
distinetly erystalized, present considerable 
difficulties to the field-worker. To partly 
overcome these diffieulties, the supplement- 
ary tables were added by Prof. Weisbach, 
whereby, through the instrumentality of a 
bottle of acid, a matrass, a blow-pipe, and 


a couple of fluxes, a still larger number of 


species can be identified.” 


PouarizatioN oF Lignr, By Wittram 
Seorriswoove, F.R.8., LL.D, 129 pp. 
Price, $1.00. “Nature Series.” Mac- 
millan & Co. 

Dr. Sporriswoope is equally well known 
in the scientific and business world: in the 
scientific world as a mathematician, physi- 
cist, and member of the Royal Society ; in 
the business world as priuter to her Majes- 
ty, and the proprictor of an immense book- 
manufacturing establishment. The excel- 
leut little volume which is just produeed on 
oue of the most dificult departments of 
opties is, in a certain sense, the produet of 
both the activities in which the author is 
engaged. It eonsists of lectures delivered 
at various times to audienees of the work- 
ing people in his employ. In these lectures 
Mr. Spottiswoode attaeked the most complex 
part of optical scieuce, and one which it 
has hitherto proved most difficult to ex- 
pound satisfactorily in a book; but, by the 
profuse employment of experhwents, the 
lecturer was probably able to bring the 
subject within the range of his listeners’ 
comprehension—its striking phenomena, at 
all events, if not their completest explana- 
tion. In this little volume the text is as 
clear as is consistent with extreme brevity, 
and the numerous well-executed woodeuts 
are valuable helps to the understanding of 
the subject, and will go far to replace the 
experiments which were made with the in- 
struments represented, 


OvrLixes or ProximaTe OrGanic ANALYSIS. 
By Atzert B. Prescorr, Professor of 
Organic and Applied Chemistry in the 
University of Michigan, 192 pages, 
New York: D, Van Nostrand. Price, 
$1.75. 

THE science of chemistry is growing iuto 
immense proportious, and with its enor- 
mous cxpansion there cones a revolution 


NOTICES. 629 
iu its theory of so radical a nature as to 
bewilder the old students, and raise a se- 
rious question how the prodigious mass of 
facts and details is ever going to be got 
into any thing like rational order. But, 
while Theory is perplexed, Practice pro- 
ceeds with but little disturbance; only, as 
the field extends, division of labor has to be 
earried farther, and the more special de- 
partments of science are increasingly culti- 
vated. The present work appears in obe- 
dicnee 10 this tendency, and furnishes a 
hand-book for a branch of analysis of no 
small jinportanee, and which has hitherto 
hardly had its proper share of attention. 
The author remarks in his prefaee : 


‘“Proximate organie analysis is pot alto- 
gether impracticable, and organic chemistry 
is not solely a science of synthetical oper- 
ations, even at present. It is true, as the 
chief analytical chemists lave repeatedly 
pointed out, that in the rapid accumulation 
of organie compounds, the means of their 
identification and separation have been left 
in comparative neglect. It is trne, also, that 
the field is limitless, but this is not a reason 
for doing nothing in it. Fitty years ago, the 
workers in inorganic analysis were unpro- 
vided with a comprehensive system, but 
they went on exploring the mineral king- 
dom, and using their scanty means to gain 
valuable results.” 


RESEARCHES 1N AcotsTics. By ALFRED M. 
Mayer. Paper V.; from the Anterican 
Journal of Science and Arts, 

Tnoven but a pamphlet of 42 pages, it 
contains seven papers, each giving good, 
solid, original work on a difficult subject. 
Prof. Mayer has of late made acousties a 
special field of investigation, and has given 
to seienee some admirable results. 


METALLURGICAL Prorertizrs oF M1ssourr 
Iron-Onxs, from the Geological Report of 
the State of Missouri, 1874. By Avotr 
Scuwipr, Ph. D. 

Tis document is devoted to the metal- 
lurgy of iron. It speeifies six ores in Mis- 
souri; gives their respective characteris- 
ties, and tabulates the quality of the iron 
when produced by smelting with charcoal, 
and coke, or coal, for the four irons tech- 
nically known as foundery-iron, mill-iron, 
Bessemer-irou, and steel-iron, As a contri- 
bution to economical geology, it is valuable. 
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Hatr-Hour Recreations iy Natura His- 
rory. Boston: Estes & Lauriat. Pp. 
81. Price, 25 cents. 


Tuts is Part IIL. of Mr. Packard’s series, 
“ Half-[fours with Insects,” which we bave 
already mentioned in the Monraiy. The 
author here considers the relations of in- 
sects to man. Of course those insects which 
live by preying on human kind receive spe- 
cial attention. We do not remember ever 
before to have heard that the Cimezx, ov bed- 
bug, is originally a parasite of birds, espe- 
cially doves and swallows. “The opin- 
ion,” says Prof. Packard, “that the bed- 
bug originaliy lived under the feathers of 
semi-domestic birds is strengthened by the 
fact that a European species of Cimex lives 
on the body of the swallow, another on the 
bat, while a third is found in pigeon-bouses.”’ 
Insects that are of service to man are also 
eonsidered, and, singularly enough, we find 
in this category the cockroach, which, in- 
stead of being the unmitigated nuisance 
generally thought, is the mortal foe of the 
bedbug, and really does good work in rid- 
ding our houses of that disgusting pest. The 
pamphlet is full of useful information, and is 
well illustrated. 


Cosmunity or Diszase 1N Man AND OTH- 
gr Animas. By W. Lauper Liypsay, 
M.D. Pp. 37. 

Tre author of this little essay was 
laughed at by eminent medical authorities 
in Edinburgh, when, some twenty years ago, 
he ventured publicly to affirm that certain 
human diseases may be artificially produced 
in the lower animals. Things have changed 
since then, and the identity of various dis- 
eases in man and animals is now admitted. 
Nor is this true of physical diseases only ; 
Dr. Lindsay has found that the lower ani- 
mals, or at least some of them, not only pos- 
sess mind resembling that of man, but are 
subjeet to the same classes of mental disor- 
der, produced by the same predisposing and 
exciting causes. The work before us gives 
along catalogue of bodily and mental mala- 
dies that are known to be common to man 
The list includes typhus, yel- 
low fever, pucrperal fever, gout, hysteria, 
mania, idiocy, goitre, asthma, quinsy, and 
Bright’s disease ; and he shows that various 
poisons affect animals in the same way as 
they affect man. 


and animals. 
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METAMORPHISM PRODUCED BY THE BURNING 
or Lignits-Beps 1n Dakota anp Mon- 
rana. By J. A. AtueN, Pp. 19. 

Tus paper is reprinted from the ‘“ Pro- 
ceedings of the Boston Society of Natural 
Mistory,” 1874. The gzasi-volcanic meta- 
morphisms of which it treats are singularly 
interesting, and here for the first time ade- 
quately described. In the “Bad Lands” 
of the Upper Missouri there exist highly- 
metamorphosed beds of clays and sands, 
accompanied by pumiceous and lava-like 
materials, which closely resemble volcanic 
products. Still the efficient cause was sim- 
ply the burning of the underlying beds of 
lignite. Over hundreds and even thousands 
of square miles the evidences of these fires 
are to be secn in the mountain-ridges and 
buttes. There are frequent indications of 
the bursting through of these subterranean 
fires to the surface. Thus we find multi- 
tudes of jagged, chimney-like mounds of 
yoleanic brescia. These were little volea- 
noes, having their seat of action in the 
burning coal-seam, ten, fifteen, or perhaps 
fifty feet below. The paper is one of rare 


value. 
A Rawpie Rouxp THE Wortp. 1871. By 
M. Le Baron ve Iltsyer, Translated 


New York: Mac- 
Price, $2.50. 

Excursions round the world are now 
made with such facility and regularity that 
the number of those who undertake them 
is rapidly increasing, while the variety 
and vivid contrast of the traveler's expe- 
riences, as he passes from continent to 
continent, offer an equal temptation to 
edify the stay-at-homes with a book de- 
scribing the tour. A definite round-the- 
world literature of travel may thus be ex- 
pected to grow up, and if it all proves to 
be as pleasant and instructive as Baron 
de Hiibner’s book, there will be no rea- 
son for regret. The present work is, how- 
ever, more than an ordinary narrative of 
observation and traveling adventure. Its 
author, an Austrian nobleman, a man of 
culture and with wide experience of char- 
acter, manners, and institutions, travels as 
a thinker, as well as a looker-on, and gives 
to his pages something of the insight of 
study as well as vivacity of narration, Of 
course it is impossible to go round the world 


by Lady Herbert. 
millan & Co. 657 pages. 
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in eight months and see through every thing, 
ard sum up the philosophy of governments, 
races, and civilization, within the limits of a 
single portable volume. Baron de Hiibner 
does not attempt this, but he has the faeulty 
of seizing the most important features of 
the subjects considered, and his reflections 
are always sensible and suggestive, and often 
acute and valuable. His work is divided 
into three parts: I. Ameriea; H. Japan ; 
IM. China. To the first part he devotes 
twelve ehapters, and to Parts H. and IIL. 
each eight chapters. 

The author tells us that the objects of 
his journey were “to behold, beyond the 
Rocky Mountains, in the virgin forests of 


the Sierra Nevada, civilization in its strug- | 


gle with savage Nature; to behold, in the 
Empire of the Rising Sun, the efforts of eer- 
tain remarkable men to launch their country 
abruptly in the path of progress ; to behold, 
in the Celestial Empire, the silent, constant, 
and generally passive, but always obstinate, 
resistance which the spirit of the Chinese 
opposes to the moral, political, and eommer- 
cia] invasions of Europe.” 


Tne Votes in Singing. Pp. 192, Tue 
Voice in Speaxrne. Pp. 164. Trans- 
lated from the German of Euma SEILER, 
Philadelphia: J. B. Lippincott & Co. 
Price, $1.50 caeh. 

Tne author of these volumes, a trained 
artist in vocal music, attempted to give in- 
struetion in that art, but found that the 
usual methods consist simply of empirical 
formulas, without any thing like sctentifie 
eobrdination. Accordingly, she undertook 
to diseover for herself a rational method of 
While Helmholtz was 
accumulating material for his great work, 
“ Tonempfindungen,” she beeame his pupil, 
and, to some extent, his collaborator. The 
result is these two volumes, which, in the 
words of Du Bois-Reymond, show an “ ae- 
quaintanee with all the facets and theories 
concerning the produetion of the human 
voice.” 


instructing pupils. 


Ox Tne Ilapirs or Some AMERICAN SPECIES 
or Birps, By Tuomas G. Gentry. Oc- 
tober, 1874, 

TuEse observations extend through four 
seasons, and are limited to Pennsylvania. 

The explanation why the cow-bird’s egg 
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hatehes first in the nest of smaller eggs 
where it is elandestinely placed by the 
parent, is ingenious, The ege being larger 
than the others, is pressed upon by the 
ineubating bird, henee it gets the most heat 
from the bird’s breast. In deseriptive or- 
nithology seienee abounds, but, in recording 
the life-traits of birds, too little has been 
done, henee the peeuliar value of this eon- 
tribution. 


| Nowenctatcre or Diseases, prepared for 


the Use of the Medieal Officers of the 

Unitcd States Marine-Hospital Service. 

By the Supervising Surgeon, Jonn M. 

Woopwortu, M.D). Washington: Gov- 

emment Printing-Office. Pp, 210. 

Tus is a reprint of the ‘“‘ Nomenclature 
of Diseases” drawn up bya jomt committee 
appointed by the Royal College of Physi- 
eians, London. Its republieation is in- 
tended to aid in promoting the aeceptanee 
of a common nomenelature among the med- 
ieal profession in all English-speaking coun- 
tries. 


Tae Fors or tne Farmers: an Address 
delivered at Omaha, October 1, 1874, 
during the Nebraska State Fair, by Pref. 
A. L. Perry. 

Tue foes herein diseussed are “ paper 
money, protective tariffs, and party spirit.” 
Though approving the chjeet of the Grange 
movement, the professor dislikes its secrecy. 
With a good deal in it that is somewhat ad 
captandum, such as “ greenback-grasshop- 
pers are worse than any other kind of 
grasshoppers,” the address is an able tract 
on political economy as affecting the farm- 
er’s Interest. 


AN Evementary Treatise on Steaw. By 
Joun Perry, B. E. New York: Mae- 
millan, Pp. 424. Price, $1.50. 

Tus work is adapted to the use of stu- 
dents aequainted with algebra and familiar 
with at least the simple definitions of trigo- 
nometry and the elements of physies. It is 
published as one of a series of ‘ School Class 
Books ;” but who expeets to receive theo- 
retic or practical knowledge of steam at 
any “sehool” whatever? As a manual for 
the eamest student, who has aeeess to 
steam-engines and steam-driven machinery, 
the work is valuable. It is divided into 
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four sections, whercof the first treats of 
heat, the second of steam-engines and 
boilers, the third of locomotives, and the 


fourth of marine-engixes, 


ACADEMY OF 
Pp. 1u8, 


BULLETIN OF THE MINNESOTA 
NATURAL SCIENCES FOR 1874. 
Price, 50 cents, 
lt is gratifying to receive so substantial 

an evidenee as this of the progress of sei- 

ence in the more recently-settled portions 
of our country. The titles of the papers in 
the present number are; “ Birds of Minne- 
sota,” by Dr, P. L. Hateh; “‘ Mammalia of 

Minnesota,” by Dr, A. E. Ames ; “ Report of 

the Curator of the Museum ; ” “‘ Prerequisites 

to a Proper Study of Scienee,” by Dr. Charles 

Simpson; “ Minnesota Geological Notes,” by 

N. IE. Winchell; “ Antiquity of Man,” by Dr. 

A. E. Johnson ; ‘‘ Astronomy—Scientific and 

Unseientifie,” by G. W. Tinsley. 


ARCHIVES OF DERMATOLOGY: a Quarterly 
Journal of Skin and Venereal Diseases. 
Edited by L. Dunean Bulkley, M.D. 
New York: Putnams. $3.00 a year. 


Tris is anew periodical, and as a “first 
number” the specimen before us is excel- 
lent. The cfrchives has no rival on this 
side of the Atlantic, and this circumstanee, 
taken in connection with its intrinsic worth, 
ought to insure its success, Besides origi- 
nal communieations, of whieh the present 
number contains cix, the Archives will con- 
tain the Transactions of the New York 
Dermatological Society, clinical records, a 
digest of the current literature of derma- 
tology, reviews and bibliography, and edi- 
torials.- 


Tae Protop.asu Turory. By Epwarp Cor- 

tis, A. M., M.D. Pp. 28. 

Dr. Curtis is Professor of Materia Med- 
ica and Therapeuties in the New York Col- 
lege of Physicians and Surgeons, and this 
is his introductory leeture for the wiuter 
course of 1873, 
the oneness of the physieal basis of life 
throughout the organic world. Though the 
lecture was originally addressed to medieal 
students, it nevertheless may be read un- 
derstandingly and with profit by the lay 
publie. 


Itis an able argument for 
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Oreanic Cuemistay, By W. Marsmari 
Warts, D. Se, F.C.8. New York: Put- 
rams. Pp. 180. Priee, 75 cents, 

Tne primary aim of this little manual 
appears to be, to fit students for passing 
the examinations of the English ‘ Science 
and Art Department.” In so far as the 
book disensses its subject-matter proper, 
viz., the chemistry of the carbon compounds, 
it is as full and explicit as could be ex- 
pected, considering its size. 


ORNITHOLOGICAL SPECIMENS 


4 
72, 


REPORT UProNn 
COLLECTED 1N THE Years 1871, 18 
and 1873. Pp. 148, 

CATALOGUE OF PLANTS COLLECTED IN THE 
Years 1871, 1872, anp 1873. Wash- 
ington : Government Printing - Office. 
Pp. 62. 

Tuesr valuable Reports form a part of 


| the published work of the geographical and 


geological explorations under the charge of 
Lieutenant Wheeler. The Ornithological 
Report is by Dr. Tl. C. Yarrow, and has 
been revised and eorreeted by Robert Ridg- 
way, of the Smithsonian Institution. The 
Catalogue of Plants is by Mr. Sereno Wat- 
sou and Dr, J, T. Rothrock, 
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The Cause of “ Cold Snaps.”.—In a paper 
read before the American Academy of Sci- 
ence, Prof. Loomis offered a new theory to 
account for sudden falls of temperature, or 
“cold snaps,” as they are called, The usual} 
mode of accounting for these is by suppos- 
ing that a current of cold air sets in from 
the north, A laborious investigation of the 
subject has led Prof. Loomis to the conelu- 
sion that these low temperatures, which 
oceur at irregular intervals in every month, 
and particularly during the winter, are due 
mainly to the deseent of cold air in the 
neighborhood, and that this descent of air 
results from the outward movement, whieh 
generally takes place from the centre of an 
area of high barometer. The theory is fully 
sustained by observations, As for the op- 
posite theory, if the eold comes to us from 
the north, “whence does it come,” asks 
Prof. Loomis, ‘‘to these colder known points 
on the earth’s surface ?”? In summer, dur- 
Ing a thunder-storm, the temperature often 
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falls 10° in a few minutes, but observations 
show that there was no air-current from the 
north. These sudden gusts of cold must de- 
scend from the higher atmospheric regions. 


School Hygiene.—Dr. Richard Liebreich, 
the eminent oculist, read a paper on 
“School Hygiene” at a recent meeting of 
the London Social Science Association. Le 
spoke of the influence of the posture of 
children during school-time, restricting him- 
self to the discussion of two points, namely, 
short-sightedness and lateral curvature of 
the spine. Short-sightedness, he said, is 
produced by the lengthening of the antero- 
posterior axis of the eye, by the increased 
tension of the apparatus with which we adapt 
our eyes to different distances. The tension 
is stronger in propcertion as the distance is 
shorter to which the eye is adjusted. If this 
power is made use of for adjusting the eye 
continually to a much shorter distanee than 
would be required; i. e., if, in reading or 
writing, the eyes, instead of at twelve to 
fifteen inches, are kept at four to six inches’ 
distance from the book, the sclerotic, or 
membrane which keeps the globe of the eye 
in shape, giving way by degrees to the press- 
ure, gradually extends antero-posteriorly. 
Thus the eye becomes oval, and the retina 
is somewhat removed from the optic media, 
from the cornea, and the lens. The retina 
then only receives the images of near ob- 
jects; distant objects appear undefined, 
and can only be seen by the aid of concave 
glasses. : 

The abnormal posture of children during 
school-time, and especially while writing, is 
productive of spinal curvature. Pupils are 
forced every day, for several hours, to main- 
tain the same unhealthy posture, overtiring 
always the same muscles, twisting and 
bending the spine always at the same place, 
and thus gradually altering the shape and 
position of the bones. The normal position 
would be to keep the upper part of the body 
straight ; the shoulder-blades, both of the 
same height, freely suspended, together with 
the upper arm, on the ribs, and in no way 
supporting the body; both elbows on a level 
with each other, and almost perpendicuiar 
under the shoulder-joint, without any sup- 
port; only the hands and part of the fore- 
arm resting on the table; the weight of the 


633 


head freely balanced on the vertebral col- 
umn, and not on any account bent forward, 
but ouly turned so much round its horizon- 
tal axis that the face may be inclined suffi- 
ciently to prevent the angle at whieh the 
eye is fixed on the book from being too 
pointed. 

Dr. Liebreich then presents the follow- 
ing design for school desks. The top of 
the desk has an inclination of 20° for writ- 
ing; for reading, a greater inclination is 
required—about 40°, This latter is ob- 
tained by turning up a flap of five inches 
in width, fixed to the front edge of the 
desk, All seats have backs, consisting 
only of a board three inches wide, which, 


| placed at the right height, sufficiently 


supports the lower joints of the spine, to 
enable the pupil to keep straight while 
reading or writing. The distance between 
the back of the seat and the table ean be 
regulated to the size of the pupils, and is 
always just sufficient for the flap to come 
quite near the child when writing. 


Ficating of Solid in Molten [ron.—In a 
communication to the American Journal of 
Scicuee, Prof. Adolf Schmidt takes exception 
to Mr. R. Mallet’s explanation of the phe- 
nomenon of certaiz metals in the solid state 
floating upon a bath of the same metals in 
a molten state. Mallet assumes the exist- 
ence of what he ‘terms a “ repellent force,” 
Prof. Schmidt upsets this assumption by an 
experiment which he thus deseribes : “ Have 
a solid ball of cast-iron of one and a half 
to two inches diameter cast and filed off 
pretty smoothly. Lave a ladle or vessel of 
at least three-quarter cubic foot capacity 
filled with molten cast-iron. If, then, you 
lay the cold cast-iron ball on the surface of 
the molten iron, you will find that the ball, 
in spite of the ‘repellent force,’ assumed 
by Mr. Mallet, will sink to the bottom of 
the ladle at once. With an iron rod you 
can feel the ball at ihe bottom of the ladle, 
and roll it about. But, after twenty or 
thirty seconds, the ball will slowly rise to 
the surface of the bath and remain there. 
It is thus evident that cast-iron, at ordinary 
temperatures, is both heavier and denser 
than molten iron, but that, as its tempera- 
ture rises, the solid iron expands, and be- 
comes lighter, and finally floats on the mol- 
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ten iron. The latter fact shows simply that 
solid iron, when at a high temperature, ap- 
proaching its melting-point, is less dense 
and lighter than molten iron, which fact 
again implies that molten iron must undergo 
a rapid expansion in the moment of its so- 
lidifiecation. The extent of this expansion 
is, however, less than that of the subse- 
quent contraction in cooling, so that the 
cold iron is again denser than the molten 
iron.” 


Growth of Plants within the Egg.— 
Prof. Paneceri’s observations and experi- 
ments on the production, of cryptogamic 
vegetation in eggs are interesting, from 
their bearing on the question of spontangous 
generation. At Cairo, an ostrich-egg was 
given him which was still fresh, the air- 
space having not eveu been formed. He 
soon, however, noticed the appearance of 
dark blotches within the shell, and, having 
broken it to ascertain the cause, he found 
that they were produced by the growth of 
minute fungi, The partisans of spontancous 
generation look on such cases as that as an 
argument in their favor, supposing the shell 
of an egg to be quite impermeable to germs 
derived trom without. Panceri, on the con- 
trary, has found that the unbroken shell of 
an egg is permeable to liquids, and that 
these may introduce germs into the interior. 
He has, in fact, actually inoculated uncon- 
taminated eggs with a fungus obtained from 
the interior of one in which it had made its 
appearance in a way seemingly so myste- 
rious, and which be had cultivated in egg 
albumen. 


Huxley on the Cell-Theory in Physiol- 
egy.—In seconding a motion of thanks to 
Prof. Redfern, President of the Biological 
Section of the British Association, Mr. 
Ilusley said that the promulgation of the 
cell-theory had as great an effect upon the 
physiological world as the French Revo- 
lution bad on the world of politics. Re- 
ferring to the doctrine promulgated by 
Schwann and Schleiden, he said that un- 
derneath that doctrine there lay the idea 
which bad been established by every further 
observation, and whieh remained unassail- 
able, viz., that the living body was not a 
simple continuous whole, and its action was 


THE POPULAR SCIENCE MONTHLY. 


not the action of a unity, but that it was 
inade up of a multitude of parts, which lived 
a quasi-independent life; and that the body 
of a man was made up of an enormous mul- 
titude of small living particles, each of which, 
though subordinated and kept together by 
means referred to by Prof. Redfern, led a 
quasi-independent life, as did the cells of 
the organic elements of a plant. It was, in 
fact, the application to animal-structure of 
the idea which had been previously applied 
to plant-strueture, 


The Deep-Sea Bottom,—In the “ Prelim- 
inary Notes” of the Challenger Expedition, 
presented to the Royal Society of London 
by Prof. Wyville Thomson, are to be found 
some observations on the Globigerina and 
on the sedimentary formations at the bot- 
tom of the sea, which mark a substantial 
advance in the science of these subjects. 
The globigerina is a minute foraminifer, the 
shells of which constitute the great bulk of 
the chalk formation. An ocean sediment 
known as the “ globigerina-ooze” also con- 
sists principally of these shells, and hence 
it is to be regarded as a true chalk for- 
mation. Hitherto Prof. Wyville Thomson 
and Dr, Carpenter have supposed that the 
elobigerina is an inhabitant of the sea- 
depths, while other English, as well as 
Ameriean and German, naturalists have in- 
sisted that it is a surface animal, In these 
“ Preliminary Notes,” Prof. Thomson very 
frankly admits the erroncousness of his own 
view. In fact, the living globigerina is, he 
says, very different in appearance from the 
dead shells we find at the bottom of the sea. 
In the living animal the shell is clear and 
transparent, and each of the pores which 
penetrate it is surrounded by a raised crest, 
the crest round adjacent pores coaleseing 
with a roughly-hexagonal net-work, so that 
the pores appear to be at the bottom of an 
hexagonal pit. At each angle of this hexa- 
gon the crest gives off a delicate, flexible, 
caleareous spine, sometimes four or five 
times the diameter of the shell in length. 
These spines radiate symmetrically from 
the direction of the centre of each chamber 
of the shell, and the sheaves of long, trans- 
parent needles crossing each other in differ. 
ent directions have a very beautiful effect. 

The nature of the deposit at the bottom 


MISCELLANY, 


of the oeean appears to depend upon the 
depth of the superincumbent water. So 
universally is this the case that the observ- 
ers on board of the Challenger needed only 
ta know the depth at any locality in order 
to foretell the charaeter of mud that would 
there be brought to the surface by the 
dredging apparatus, According to Prof. 
Thomson, “the mean maximum depth at 
which the globigerina-ooze oveurs is about 
2,250 fathoms. The mean depth at whieh 
we find the transition gray ooze is 2,100 
fathoms, and the mean depth of the red-clay 
soundings is about 2,700 fathoms.” These 
three sedimentary formations, however mueh 
they differ from each other, are all the re- 
sult of the precipitation to the bottom of 
the dead shells of the globigerina and other 
surfaee animals. Why, then, do they differ 
so muen in appearance and in chemical 
constitution? The globigerina-ooze is 98 
per cent. carbonate of lime; the gray ovze 
consists of carbonate of lime with a greater 
orless proportion of clay; the red ooze is 
almost pure clay, viz., siliea, alumina, and 
red oxide of iron. Prof. Thomson aecounts 
for the absence of carbonate of lime from 
the red elay, and its partial absence from 
the gray ooze, by the theory that at great 
depths there is an excess of free carbonie 
acid. This would convert the carbonate of 
lime of the shells into a soluble compound. 
Tu that case the red clay would be “ the in- 
soluble residue, the ash, as it were, of the 
calcareous organisms which form the globi- 
gerina-ooze after the caleareous matter has 
been removed.” It is worthy of note that 
living animals, brought up by the dredge 
from great depths, have their calcareous 
shells very rudimentary. 


A Ballooning Spider,—a paper of singu- 
lar interest, by Dr. Lineeeum, contributed 
to the Smithsonian Institution and published 
in the American Naturalist, describes the 
marvelous art of the gossamer spider in the 
construction and navigation of her aéro- 
nautical ships. In Texas, aceording to the 
author, Deeember is the month for these 
ballooning spiders to emigrate. When they 
intend to make an ascension, they fix them- 
selves on some extreme point of the branch 
of a tree, or weed, or corn-tassel, then care- 
fully spin out a Jock of white gossamer, five 
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or six inches long and two inches wide in 
the iniddle, tapering toward the ends, hold- 
ing it all the time in the gentle breeze by a 
thread two or three inhees long, which, 
being attached to the end of the selected 
point, detains the balloon until it is finished. 
They then spin out at the bow two lines, 
thirty or forty feet in length, and another 
of twenty or thirty feet at the stern, then 
cut the cable and sail away on an inelined 
plane. There area mother and half a dozen 
or more young spiders aboard every balloon, 
and thus the species is scattered over vast 
districts. These tiny atronauts choose for 
starting on their voyage a clear day, tem- 
perature 60° Fahr., wind gently from the 
south, At about 1 p.u. they may be seen 
sailing with the wind. Toward 4 P.M. the 
spectator will observe that the balloons are 
beginning to descend. When the streamers 
strike some tall weed or grass the air-ships 
are made fast and the passengers instantly 
leap out, spinning out a thread as they fall, 
thus landing in safety. 


A Demand ef Modern Edueation.—In an 
address delivered on the oceasion of the 
dedieation of Pardee Hall, the scientifie 
sehool attached to Lafayette College, Prof. 
Rossiter W. Raymond made some timely re- 
marks upon the absurdity of attempting to 
complete a young man’s aducation in the 
same time now as fifty years ago, The 
enormously-inereased demands of modern 
life, said Prof. Raymond, requiring as they 
do that a man shal] know more things, and 
know how to do more things, than were 
formerly sufficient for his reasonable sue- 
cess, are not to be satisfied by a mere change 
in a few subjects of instruction. It is not 
enough to substitute one study for another, 
The period of study must also be prolonged. 
In recognition of this principle, while it is 
for the present impracticable to make it an 
invariable part of a college education, by 
imperatively increasing the length of the 
college course, or by raising the standard 
of admission to colleges, the device of a 
post-graduate course has been very general- 
ly adopted ; and it will not be long before 
experience will demonstrate that those men 
who have received the most thorough pre- 
paratory training are able to overtake and 
to outstrip in the subsequent race of life 
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those who started with half-developed pow- 
ers and half-furnished minds. 


Lnsects and Flowers.—In his lecture at 
Belfast, on “ Common Flowers in Relation to 
Inseets,” Sir Johu Lubbock inquired into the 
causes of flowers closing their petals dur- 
ing rain, and of some flowers remaining 
open for a longer or shorter period than 
others. The habit of closing the petals 
during rain is obviously an advantage, since 
it prevents the honey being spoilt or washed 
away. Everybody, however, has observed 
that even in fine weather certain flowers 
close at particular hours. This habit of 
going to sleep is surely very curious: why 
should flowers do so; and why should some 
flowers close at the approach of night, and 
others not? Moreover, flowers keep differ- 
ent hours. The daisy opens at sunrise 
and closes at sunset, whence its name 
day's eye ; the dandelion opens at seveu and 
closes at five; ear hawkweed is said to wake 
at eight and go to sleep at two; the scarlet 
pimpernel wakes at seven and closes soon af- 
ter two; while 7ropogon pratensis opens at 
four in the morning and closes just before 
twelve, whence its English name ‘“ Jobn-go- 
to-bed-at-noon.” Other flowers, on the con- 
trary, open iu the evening. Now, it is ob- 
vious that flowers which are fertilized by 
night-flying inseets would derive no advan- 
tage from being open by day; nay, it would 
be a distinet disadvantage, as rendering 
them liable to be robbed of their honey and 
pollen by insects not capable of fertilizing 
them. Henee the leeturer believed that the 
closing of flowers has reference to the hab- 
its of inseets. In support of this, he ob- 
served that wind-fertilized flowers never 
sleep, and that some of those flowers which 
attract insects by smell emit their scent at 
particular hours. 


Catching Cold.—We find, in the Detroit 
Review of BMedicine, an aceount of Prof. 
Rosenthal’s researches on the effects of sud- 
den changes of temperature, from which 
we abstract a few very useful observations, 
It has long been known that ‘ colds ” are 
produced, not by lowness of temperature, 
but rather by sudden changes from a higher 
to alower, The application of cold to the 
surface of a healthy animal causes the eu- 
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taneous vessels to contraet, and then the 
blood is prevented from circulating in the 
skin, and confined to the interior of the 
body, where it does not readily lose its 
heat, but serves to supply warmth to the 
vital organs. But, if the animal be exposed 
to heat, the cutaneous vessels become di- 
lated, and so remain after exposure to cold. 
The blood is thus exposed in large amount ~ 
over a wide surface, and becomes rapidly 
cooled, even though the temperature of 
the surrounding medium is not very low. 
A sudden passing from a heated room into 
the cold outer air rapidly cools the blood 
below the normal degree, As it returns 
to the internal organs, it cools them much 
more quickly than it would have done were 
not the vessels dilated by previous warmth. 
Thus a sudden cooling of the blood pro- 
duces an irritating effect, or induces inflam- 
mation in a way that a gradual alteration 
would not do. To produce evil results the 
cooling must be from above to below the 
normal temperature. The effect ofa chill 
in causing inflammation may be due partly 
to the effect of cold on the tissues them- 
selves, and partly to the congestion (hy- 
peremia) which will occur in some parts 
when the fluid is driven out of others by 
the contraction of vessels. Rosenthal lays 
most stress on the former of these effects. 
It is a well-known fact that frequent cold 
bathing or sponging enables one to bear 
with impunity sudden changes of weather. 
This is explaincd by the improved tone of 
the vessels, produced by the eold applica- 
tions. Thus, when exposed to heat, they are 
not so relaxed that they cannot sufficiently 
contract when necessary. 


How Plants are distribated.—Some low 
ground on the banks of the Delaware, below 
the eity of Philadelphia, haying had a quan- 
tity of mud from the channel of the river 
spread over it, two species of plants, Poly- 
gonum Orientale (an East Indian species), 
and Cleome pungens (a West Indian species), 
soon made their appearance in great num- 
bers. During a discussion, in the Philadel- 
phia Academy of Sciences, as to the prob- 
able origin of the seeds of these plants, Dr. 
Leidy expressed the opinion that as the 
ground had long beeu used as a place of 
deposit of ships’ ballast, the seeds might 
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have been in the ground previously, and 
been quickened by the deposit of the mud. 
Mr. Meehan thonght that perhaps the seeds 
of these plants, protected from air while 
buried under water, might germinate after 
exposure to the air. He referred to other 
cases of the springing up of new plants after 
the deposit of fresh earth, and suggested a 
mode of testing the origin of the seeds. 


Edneation and Jnventlon,—There exists 
a very general belief that great inventions 
usually come from uneducated men. How 
erroneous this belief is, at least as regards 
the art of metallurgy, is well shown by Mr. 
G. F. Becker, in a lecture delivered in the 
College of Mines, University of California. 
Nasmyth, for instance, invented the steam- 
hammer, without which neither the met- 
allurgist could turn out sound masses of 
metal of sufficient size for the fabrication 
of the vast machines now in use for steam- 
ships and other purposes, nor the machinist 
forge them into shape. The crystallization 
process, and the zine process for the desil- 
verization of lead, not only enable us to ex- 
tract at a profit very small proportions of 
silver and gold, but also produce an ad- 
mirable quality of lead. Formerly the qual- 
ity of lead used to depend almost entirely 
on that of the ore, and the best brands were 
exported to all parts of the world; now the 
best of lead may be made from almost any 
lead-ore. The inventor of the crystalliza- 
tion process, Pattison, was a professional 
assayer and metallurgist; and Karsten, who 
invented the zine process, was a man of 
great learning and a metallurgist of the 
first rank. The inventor of the Rachette 
furnace, “the furnace of the present and 
probably of the future for lead or copper 
smelting,” is the engineer who controls the 
whole governmental smelting and mining 
interests of Russia. Bessemer, the invent- 
or of the process which bears his name, is 
aman of extensive seieutific acquirements ; 
and Siemens, whose most ingenious appa- 
ratus for producing very high temperatures 
has vastly increased our powers of heating 
iron and steel, of producing all grades of 
steel, and of distilling zine, received as per- 
fect an education, scientific and technical, 
as the world had to offer. It was Faber du 
Faur, an accomplished Bavarian metallur- 
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gist, who first made practical use of the 
gases which formerly escaped in immense 
quautitics from the tops of blast-furnaces ; 
and the enormous blast-engines, the hoist- 
ing-engines, pumps, and hot-blast stoves, 
often even the roasting-kilns of such estab- 
lishments, nowadays require no fuel except 
this long neglected waste product. Bischof, 
another engineer, and metallurgical author, 
was the first to produce gas artificially for 
smelting purposes; and this was one of the 
greatest advances ever made in metallurgy. 
Lundin, a thoroughly educated Swedish met- 
allurgist, has shown how gas may be pro- 
duced from wet saw-dust, of such power 
that wrought-iron may be melted with it. 


The Temperature of Germination.—Herr 
F. Haberlandt has published three tables, 
showing the maximum and minimum germi- 
nation temperature of all the more impor- 
tant agricultural seeds. He gives the mini- 
mum for by far the largest number, includ- 
ing wheat, barley, rye, oats, buckwheat, 
sugar-beet, linseed, poppy, clover, lucern, 
peas, rape, and mustard, as below 40.5° Fahr. 
The minimum for sainfoin, pimpinella, car- 
rot, cumin, sunflower, Sorghum saccharatum, 
8. vulgare, and maize, is between 40.5° and 
51° Fahr.; for tobacco aud gourd, between 
51° and 60.4° Fahr. ; and for cucumber and 
melon, the minimum lies betweeen 60.4° 
and 65.3° Fahr. The second table shows 
the percentage of seeds germinating at the 
temperatures 61°, 47°, 88°, 100°, 110°, and 
122° Fahr., and the number of hours elaps- 
ing before the rootlets reached a length 
of two millimetres (0.07874 inch). The 
maxinimm limit for coriander and marjoram 
is between 77° and 88° Fahr.; for wheat, 
rye, barley, oats, English ray-grass, vetches, 
horse-bean, peas, chick-peas, white-mus- 
tard, woad, cabbage, late kobl-rabi, turnip, 
radish, madder, fennel, carrot, cumin, pars- 
ley, poppy, liuseed, tobacco, and anise seed, 
between 88° and 100° Fahr.; for the com- 
mon bean, lupin, clover, lucern, early kohl- 
rabi, summer-rape, buckwheat, chiecory, 
sunflower, and some varieties of cabbage, be- 
tween 100° and 110°; and finally, for maize, 
Sorghum vulgare, panic-grass, turnip-radish, 
hemp, teasel, gourd, cucumber, and sugar 
melon, between 110° and 122° is the maxi- 


mum. The third table shows the average 
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growth of the rootlets in two days at differ- 
ent temperatures. In all cases there is in- 
creased growth from 61° to 77° Fabr.; in 
many cases, as grasses, clover, mustard, 
and linseed, a decrease from 77° to 88° 
Fahr., and in nearly all cases a decrease 
from 88° to 100° Fahr. 


Poisoned Soils.—Trees have been twice 
planted in a certain square in London, but 
in both cases died. Dr. Voeleker was accord- 
ingly directed by the Royal Horticultural 
Society to inquire into the cause of this. 
On examining the clear, watery solution 
from treating the soil with distilled water, 
he found that the soil contained one-tenth 
per cent. of common salt, and two-tenths 
per cent. of nitrates. Whenever the amount 
of chlorine in soil has reached any thing 
like an appreciable quantity, it exercises 
an injurious influence. Land, for example, 
which has been inundated by the sea, will 
not grow wheat for the next two years, 
though in the first year cabbages may be 
grown, and they will withdraw a good deal 
of salt from the soil. The quantity of ni- 
trates in the soil under examination was 
remarkable. Usually, this quantity does 
uot reach a proportion that could be ex- 
pressed otherwise than by a third place of 
decimals. There was no doubt, according 
to Dr. Voeleker, that the two saline ingre- 
dients mentioned did the mischief. He 
did not doubt that the presence of the 
salt and nitrates was due to the fact that 
the place was constantly used for commit- 
ting nuisance. Inthe same way rabbits kill 
hedges, and it is well known that it is years 
before grass will grow iu their runs. 


Anestheties and Metaphysics —Benjamin 
Paul Blood has written and printed a little 
book entitled “The Anesthetics Revela- 
tion and the Gist of Philosophy.” His idea 
seems to be that, when the nervous system 
is twisted out of its normal function by cer- 
tain potsons, as it springs back great things 
are revealed ; that is, at the moment a per- 
son eseapes from anesthetic stupor he gets 
a glimpse of the “ genins of being ’—what- 
Mr. Blood wrote to Ten- 
nyson about his discovery, and in his reply 
the poet says: “Ihave never had any rey- 
clations through anwstheties; but a kind of 


ever that may be. 


‘and the coasts of Asia Minor. 
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‘waking trance’ (this for lack of a better 
word) I have frequently had quite up from 
boyhood when I have been all alone. This 
has often come upon me through repeating 
my own name to myself silently till all at 
once, as it were, out of the intensity of the 
consciousness of individuality, the individ- 
uality itself seemed to dissolve and fade 
away into boundless being—and this not a 
confused state, but the clearest of the clear- 
est, the surest of the surest, utterly beyond 
words—where death was an almost laugh- 
able impossibility—the loss of personality 
(if so it were) seeming no extinction, but 
only true life.”” 


The Black Death in Egypt.—According 
to a correspondent of the Paris Journal 
des Débats, writing from Egypt, Europe is 
threatened with a visitation of the black 
death. The pestilence is said to be spread- 
ing rapidly in the neighborhood of Medina 
and Mecca, its chief feature being the 
dreaded “ plague-spot,” which, once it ap- 
pears, is the sure sign of a fatal termina- 
tion, The Egyptian Government is exert- 
ing itsclf to the utmost to prevent the 
spread of the contagion; but, unfortunate- 
ly, the Ramadan is at hand, when thousands 
of Mussulman pilgrims flock to the shrine 
at Mecca, and it is feared that they will not 
only help to spread the contagion there, but 
also bring it back with them to Europe. 


| The greatest anxiety is felt in Italy, on ac- 


count of its frequent intercourse with Egypt 
The only 
means of averting the danger would be a 
stringent prohibition to the pilgrims to re- 
turn direct to the country from which they 
came; but this measure would require the 
united action of the European governnents, 
in order to gain the consent of the various 
Mussulman governments. 


The “Voltaic Armadille.”? — Regarding 
the medical use of this contrivance, a lead- 
ing physician of New York writes us as 
follows: ‘T prescribed the voltaie apparatus 
of Mr. Seibert for one of my patients, a few 
weeks ago. I have not heard from my pa- 
tient since, and do not know what effeet, if 
any, resulted. Pulvermacher’s chains, I 
know, have the indorsement of Sir Charles 
Locock and many other leading physicians 


NOTES. 


of London; but I know nothing personally 
of their utility. I intend to try the ‘Arma- 
dillo’ again.” 

We spoke of the “Armadillo” last 
month, not from any direct knowledge we 
have of it, but to correct the advertised state- 
ment that Taz PoruLar Science Mostary 
had endorsed it, which was not true. 


Address to an Atom. 


BY AN UNCOMFORTABLY CONSOIOTS AUTOMATON, 


Mysreriovs particle, 
intangible and most indefinite article, 
Which even Science cannot fix or focus; 
Are you indeed of all this hocus-poens, 
Mischristened Cosmos, protoplast? If so, 
°Tis pity that the happy status quo 
Of universal dumb inertia ever 
Was broken up by vortices or voices, 
“Twere surely better far that space had never 
Retchoed to objectionable noises, 
Or witnessed all this pother 
Of biologic bustle, whose ehief law seems Bother! 
Why could not you, 
And all your fellow-motes, far, far too prankful, 
In the embraces of the boundless blue | 
test and be thankful ? i 
AA plagne on all your forces and affinities! 
A mcb of monads, tv my notion, 
Surpasses one of demons or divinities 
Only while idle. With the earliest motion 
Began the immitigable Misebicf. Why 
Must you in chaos ent those primal capers, 
Which were ** the promise and the poteney ” 
Of—all the woes that All our morning papers ? 
‘Tis surely a reflection most unpleasant 
To think that all the plagues which haunt the present 
Spring from that moment in the hidden past, 
When the first molecule, weary at last 
Of immemorial motionlessness, stirring, 
Jostled his neighbor Atom. What a whirring 
Went through astounded space! 
Thought pictures a crim grin upon the face 
Of him, the Prince of Evil; 
Only that then, of course, there was no devil. 
Atleast of the New Creed that’s one prime article 
‘Though I have little doubt 
He was ineipient in that self-same partiele 
Whose fidgets caused the first great stirabout. 


If Science’s “dry light,” at its meridian, 

Finds men no more than automatie midges 

In its cold ray, the histury that bridges 

The space between us and the first Ascidian 
Were better blotted. 

Yo archetypal atoms was allotted 

An easier fate than to the eomplex mass 

Of “clever matter,” which bas dared to pass 

For Man, but is, for all its prayers and panies, 

A problem in molecular mechanics! 

If Conscience be but ehemie combination, | 

And Love a mere moleeular attinity ; 

What boots all Life’s superfluous botheration 

Of mad and painful dreams, that limn Divinity 

On fool-projected limbos ?  Life’s a swindle, 
Jftaken d lu 'I'yNDALL. 

And, let whe may in that demoniae war win 

(Survival of the fittest!")—yet, as groping 

Less anxiously, less fearing, striviug, boping, 

An Ape was less a dupe than is a Darwis. 

That Atom must be a miscuided duffer 

Who'd join a Co.; aZone it could not suffer. 

Why should it long for partnership and pain so? 

i wonld J were a monad--I'd remain so; 

And as for “naseent thrills” and “ganglia.” drat 

‘em! 
They're things for which 1 should not eare—an 
Atom! 
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To determine the real value of the “ dis. 
ease-proof potatoes ” advertised by seeds- 
men, the Royal Agricultural Society of 
England, some time since, offered a prize 
of £100 for a really disease-proof potato. 
The conditions were that the potatoes should 
be tricd in twenty different parts of the 
kingdom for three years. But the commit- 
tee did not need to continue the experiment 
for three years; the results obtained in one 
season were decisive. None of the potatoes 
resisted the disease. During the period of 
yigorous growth, in five localities out of the 
twenty, the disease was virulent in all the 
varieties, and by the end of the season it 


| had appeared in all the plots. 


Tue collection of anatomical and physi- 
ological preparations made by the late Prof. 
Jettries Wyman was in his will bequeathed 
to the Boston Society of Natural History, 
on condition that they paid to his heirs the 
sum of three thousand dollars. The Society 
promptly aceepted the bequest; but, in- 
stead of the sum named in the will, of their 
own aceord they paid to the heirs five 
thousand dollars. 


Frox the investigations of Prof. Buck- 
ley, State Geologist of Texas, it appears 
that that State has vast deposits of iron and 
coal, of much greater extent than had been 
anticipated, Both are of excellent quality, 
and, in some cases, they oecur near together. 
Iie has also found an abundanee of salt, 


| gypsum, and a wide range of eopper-ores. 


Other valuable minerals are rooting-slate, 
marble, soapstone, ete, 


Dr. Kosen, of Vienna, has diseoyvered a 
method of making eertain colors fire-proof, 
so that they may be used for painting on 
ehina in precisely the tones required. The 
inventor also employs a special enamel, 
which he spreads over the surtace to be 
painted on, thus doing away with the irreg- 
ularities and porosities of the porcelain ; 
the irregular and undue absorption of color 
is thus prevented. Another invention of 
Dr. Kosch’s is the fusion of gold, silver, and 
platinum, with bronze, by which the most 
gorgeous effects are produced. 


A NEW method of easting statues in 


| bronze has been discovered by a Venetian 


founder named Giordani. The advantage 
of the method consists in the cast being 
effected in a single operation, no matter 
how large the model, or how complicated in 
its form. 


Durine the Paleolithie period horses 
were numerous all over Europe, and formed 
the basis of human food. In every “ find” 
of that epoch, horses’ bones constitute a 
eonsiderable portion of the animal remains. 
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But in the next age, the age of polished 
stone, we find no indications of horse-flesh 
having been consumed as food. The ques- 
tion is, whether the horse disappeared from 
Europe just as it did from this continent, 
aud was imported again trom abroad. 


A NEW mineral, Rivotite (so called iu 
honor of the memory of M. Rivot, late of 
the Paris School of Mines) has beeu discov- 
ered by X. Ducloux, It oceurs in small, 
irregular masses, dispersed in a yellowish- 
white chalk, upon the western slope of the 
Sierra del Cadi, in the Spanish province of 
Lerida. 


SueGar, now almost one of the necessa- 
ries of life, was nearly uuknown to Europe 
before the Crusades, At present, England 
consumes as much sugar as all the rest of 
Europe together—more than one pound per 
week for every man, woman, and child in 
the United Kingdom. In 1870, the refined 
cane-sugar, molasses, and syrup, manufac- 
tured in the United States was: Sugar, 
754,000,000 pounds; molasses, 839,000 gal- 
lons ; and syrup, 18,000,000 gallons, 


A cHaractenistic effect of snakc-poison 
is rapid decomposition of muscular tissue. 
From Dr. Weir Mitchell's experiments it 
appears that, after a few hours, the wouuded 
muscle becomes almost diffluent, and as- 
sumes a dark color and somewhat jelly-like 
appearance ; under the microscope it has 
the appearance of a mass of minute granules. 


Tus ‘Copley Medal” of the London 
Royal Society for the vear 1874 has been 
awarded to M. Louis Pasteur for his re- 
searches on fermentation aud ou Pebrine 
(a disease of the silk-worm); the “ Rumford 
Medal” to J. Norman Lockyer, for his 
spectroscopic researches on the sun and 
on the chemical elements; a “ Royal Med- 
al” to Prof. William C. Williamson, for his 
contributions to zoology and paleontology ; 
anda “ Royal Medal” to Henry Clifton Sor. 
by, for his researches on slaty cleavage, 
and on the minute structure of minerals, 


Tue British Government has decided to 
send out next spring an expedition to ex- 
plore the region of the north- pole. The 
chief command of this expedition is to be 
iutrusted to Captain Nares, at present in 
command of the Challenger aud already a 
distinguished aretic navigator, It is  in- 
tended to make the expedition a purely 
naval one, no person being permitted to 
join it iu any capacity save officers and 
men of the Royal Navy. 


Tsvo German physiologists, Weiske and 
Wildt, in a series of investigations on goats, 
have show n that, although the w ithdrawal of 
lime or of phosphoric acid from the food of 
adult animals leads to fatal consequences, 
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yet it has little or no influence on the com- 
position of the bones, and in particular does 
not make them friable. To determine the 
same point with regard to young animals, they 
selected Southdown lambs about ten weeks 
old. One of these was fed upon food poor 


; in phosphorie acid, a second on food poor 


in lime, and a third on normal diet. After 
the lapse of 55 days various bones were 
analyzed, and the general result was that, 
just as in adults, so in young animals: no 
remarkable change was produced in the 
composition of the several bones by the dif- 
ference of diet ; or, in other words, that the 
composition of the bones is independent of 
the nature of the food. The bones were, 
however, stunted in their growth. 


Frou the researches of Schéne on the 
conduct of ozoue and water toward each 
other, it appears that ozone does not oxi- 
dize water; that ozone is absorbed by water 
in considerable quantity, even at the ordi- 
nary temperature ; that when ozonized oxy- 
gen is conducted through water, the amount 
of ozone contained in the mixture is di- 
minished; and that ozone in contact with 
water is slowly changed to ordinary oxygen. 


A PATENT has been grauted for an India- 
rubber shoe, or rather overshoe, for horses, 
as it is called by the Scientific American. 
The shoe is made and lined precisely in the 
same way as the “arctic overshoe,” and in 
fact prescuts no difference, save in its shape 
and in its manufacture, from the best qual- 
ity of India-rubber, JlLorses suffering from 
cracked or contracted hoof are soon cured 
by the use of these elastic shoes. The cost 
of rubber shoes, as compared with thoxe of 
iron, is about one-third more, and their 
weight is about 40 per cent. less, 


A ConRESPONDENT of the Department of 
Agriculture, writing from Stanley County, 
North Carolina, notes a curious fact ob- 
served in growing turnips on land previous- 
ly sown with the opium-poppy: the turnips 
came up, but never got beyond the seed- 
leaf. Repeated sowings on the same lot 
had the same result. On the other hand, 
turnips sowed in spots not far removed 
from the poppies, did very well, and were 
less annoyed by insect enemies than ever 
before. “Can it be,” asks the correspond- 
ent, “that the opium-poppy leaves in the 
gronnd elements incompatible with the life 
of the turnip?” 


At the instance of the German Anthro- 
pological Society, statistical information is 
to be collected trom schools and military 
depots throughout the German Empire, with 
a view to the solution of the vexed question, 
whether there are two distinct types of 
Germans, one tall and fair, the other short 
and dark. 


De. Joseph FRAUNHOFER. 
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THE TRIANGLE SPIDER. 


By Pror. BURT G. WILDER, 


OF THE CORNELL UNIVERSITY. 


TROLLING through the woods near Ithaca, New York, one 
October afternoon, I saw, upon a leafless hemlock-branch, what 
looked like a piece of the net of some geometrical spider, Still, there 
was a regularity in this triangular net which did not accord with the 
idea of its being a fragment. <A closer examination showed that its 
form and structure were perfect and unbroken; and moreover that, 
instead of hanging loosely from the twigs, it was upon the stretch, 
as if constantly drawn by a power at one or the other end (Fig. 1). 

On touching the net to determine its degree of tension, what was my 
amazement to see it suddenly loosened with a snap, as if let go at one 
end! Nor was my wonder diminished when, a moment afterward, the 
the net slowly regained its original condition, by a steady pulling upon 
a short line connected with the apex. And now I saw the puller—a 
little dull-colored spider, about one-eighth of an inch long—hanging 
from the under side of the apex-line, and hauling it in, not “hand over 
hand,” as at first appeared, and as one would suppose by analogy with 
sailors’ operations, but “ foot over foot ;” in short, with its Atnder legs 
moved alternately so as to gradually take in that part of the line which 
intervened between its body and the twig to which it was attached. 

When this line was all taken in, the spider was close against the 
twig, and its legs were drawn together, so that the whole formed a 
compact brown mass about the size and shape of a raisin-seed, and 
differing so little in appearance from the projections of the dried hem- 
lock-twigs among which the net was built, that I felt in part excused 
for not having noticed the little creature before. 

So much for an introduction to a spider which was then new to 
me, and probably is still] unknown to most of my readers, In some 
respects its habits are unlike those of all our other spiders ; and I will 
here relate what I have learned during five seasons, in the hope that 

vou. vi—4l 
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others may have the fortune to clear up the points in its economy as 
yet undiscovered, 

Our spider is thought by high authorities to bea species of the genus 
valled yptiotes yy Waleknaer, and afterward and mere commonly 
Mithras; but the tormer name has priority. Of this genus two Euro- 
pean species have been described; one of which, /Z puradoweus, has 
lately been found in Kneland, and deseribed by the veteran arachnol- 
ogist, Mr. Blackwail Our American species seems to be that referred 
to by Hentz as the Cylopodia cavata, lat his description is so brief, 


y 


Fig. 1.—Nevt or THe “ TRIANGLE SpIDER.”’ about one-half the usual length. The spider, how- 

ever, is shown of the natural size. 

B B, the base-line attached, at ( and _P, to a hemlock-branch: H F G@, points of attachment. 
to Lhe base-line of the three radii, R’ to R’'’’. which converge at A, the apex of the net; I’ to 
IX, nine transverse or interradial double lines; S’ to S’’’’, attachments of the first interradial 
npon the radii; 4 ZL, apex-line ; O, origin of the apex-line from a second branch ; SZ, loop 
of the apex-line or ‘slack,’ between the front and hinder feet of the spider: this is better 
shown in the lower enlarged figure. 


and in some respects erroneous (giving only six eyes, whereas there 
are eight), that we shall probably avoid confusion by calling this a 
new species (ZL. Aaeericenus). 

Having now identified the spider sufliciently for our present pur- 
pose, we have to mquire: 

1. Which is the spider, the male or the female? 

2, Uow is the net made ? 

3. How is the net used in taking prey ? 

4, What are the relations between this and other spiders ? 


1 Wincn is rae Sprper? As is often, althongh by no means 


! Boston Journal of Natural Historg, S47, vol. v., p. 466, plate xxv., Fig. 3. 
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universally, the case among spiders, the female is the head of the 
family. In fact, so scarce are the males that for three years I never 
found one among more than a handred specimens, This, however, is 
not absolute proof of their much smaller number, for they are less in 
size and darker in color, and, like the males of the “ silk-spider of 


Fie. 2.—At the left a temale Hyptiotes, enlarged about eight diameters, The legs are marked 
1, 2, 3,4. in order from before backward. In the ceutral figure is shown the front part of 
the spider (the cephalo-thorax), still more enlarged, so us to display the eight eyes arranged s0 
as to form two crescemis with their convextties opposed thus >. At the right isa greatly- 
nagutfied feathered bristle trom the npper surface of the cephalo-thorax. 


South Carolina ” (Nephila plemipes), they make no nets, but seem to 
get a precarious living by hanging on to that of some female. Their 
masculine nature is seen in the structure of the “palp” or feeler, 
which, instead of tapering to a blunt point, as in the female, ts greatly 
enlarged, its last segment presenting the remarkably complex struct- 
ure seen in Fig, 3. 


Fie, 3.—Terminal joints of the palp or feeler of the male Hypliotes Americanus, much enlarged. 
(Drawn from Nature, by Prof. W. S. Barnard.) 


' These modified palpi are undoubtedly connected with the reproductive function 
Others bexides myself have seen them (with other and larger species) applied to the 
vulva of the female during an evident copulation ; but all do not assent to the generally- 
reccived opinion, that they are merely intromittent organs, which have first received the 
spermatic fluid from the testicular orifice upon the ventral surface of the abdomen. (For 
a note upon the subject, by Mr. Gedge, with references, see Journal of Anatomy and 
Physiology, 1867, vol. i., p. 871.) 
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It is possible that, as with the Nephilu plimipes, the young males 
ot /Zyptiotes construct nets, but of this I ean say nothing; for as yet 
I have never seen what I was certain were the eggs or the very 
young. Near Ithaca I have found the partly-grown spiders, during 
the latter part of July, and the adults are all gone before the close of 
November, Certain little cocoons (Fig. 4), which are quite abundant 
in the same localities and upon the hemlock-twigs, may prove to be 
made by this spider, but at present all is conjecture. 


Fro. 4.—SupposEep Cocoon (Ece-CAsE) 0F TRIANGLE SPIDER. 
A, the cocoon, of natural size, hung by thread-lines between hemlock-twigs; 3B, the cocoon 
enlarged, seen obliquely, so as to show the triangular base. 


The form of these cocoons is quite peculiar: it is that of a little 
sphere flattened upon one side; at three points the border of this flat 
side is extended into strong lines, by which the cocoon is suspended 
between the twigs. Its diameter is about one-tenth of an inch, but 
the lines are often two or three inches long. The ground-color is 
usnally white; but there are always a few black specks, and some- 
times these cover so large a portion of the surface as to make the 
cocoon appear gray or nearly black. 

Besides these more common cocoons, the hemloek-twigs sometimes 
bear others of about the same size, but pear-shaped, and hanging by 
the smaller end npon a single short Hine. To identify these, the spi- 
ders shonld he taken in September, and kept in captivity upon hem- 
lock-branches, so that they may make their cocoons. 
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2, How is tHE Ner mMapE?—Like most geometrical spiders 
(Epeiridw), the Hyptiotes preters to construct her net just before day. 
She is then less liable to interruption, and the newly-made net is best 
adapted for use in taking the builder’s breakfast. To these early 
habits on the part of the spider is owing the fact that, although I 
have kept many of them in the house, | have never yet been so fortu- 
nate as to witness the entire process of netmaking. Twice I sat up 
all night, but the spiders must have begun just as I tell asleep shortly 
before day; and my readers will understand that, in the midst of the 
fall term, a professor does not often feel able to spend a night in 
watching spiders. 

However, I have twice witnessed the completion of nets, and have 
seen enough of the process to enable me, aided by what is known of 
spiders’ methods in general, to infer how the net is begun and carried 
on, and the correctness of the following description may be aecepted 
as at least probable, until disproved by actual observation of the 
entire process: 


Fic. 5.—a, last two segments of the hinder (fourth) leg of a female Hyptéotes ; >, tip of the last 
segment, showing the claws open ; c, cross-section of the last segment but one, showing its 
cavity. in which iie the mnecles, and a single curved bristle upon the side, a part of the 
calamistrum ¢ «a similar bristle stil] more enlarged; @, f, two feathered bristles from near 
the joints. 


Having first decided upon the general location of her net, the 
spider probably takes position head downward upon the “leeward ” 
side of a twig or small branch, or apon its top, and then, turning her 
abdomen outward, expresses from her spinners a drop of gum, which 
instantly dries so as to form a fine end of a silken thread. This is 
taken by the wind (and careful experiments have proved that a 
current of air is absolutely necessary to the extension of the line) and 
wafted outward, waving from side to side, and usually tending up- 
ward from its extreme lightness, until at last it touches some other 
branch at a greater or less distanee from the first. When this stoppage 
is perceived by the spider, she turns about and pulls in the slack line, 
until she is snre that the other end is fast. If it yields, she tries 
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again and again, until snecessful. If it holds, she attaches her end 
firmly by pressing her spinners upon the wood, so as to inelude the 
line. The tirst and most important step in the construetion of all 
geometrical nets has now been taken, and the spider can meet with no 
serious difficulty in completing her task. 

But the following steps might be taken in more than one way, and 
perhaps are so at different times, or by different individuals. Amd, in 
view of the risk of making inferenees as to the habits of animals, I 
refrain from the deseription of what may oceur, and simply state that 
in some way the spider connects with the original horizontal line four 
others, constituting respectively the base-line (# 4) of the net, and 
the three lower radii (27 2’ R') whieh are joined to the base-line 
at FV G, and JE The upper radius (2’) is formed from the central 
part of the origmal line, and the three others unite with it at A, the 
apex of the triangnlar net. (See Figs. 1, 8, 9.) 

The framework ot the net is now ready, and the spider begins to 
construct the more essential part of its snare. 

The organs directly concerned in the operation are the hinder pair 
of legs and the spinning mammulz, or spinnerets. 

The fourth pair of legs have, npon the last segment but one, a 
series of strong and curved spines, forming a rake with teeth finely 
set. When used, this rake appears to be carried backward over the 
spinnerets, so as to draw ont the silken threads. 

It seems to represent the ealamistrian of the other Ciniflonider, but 
has no such effect, as with them, as to form a flossy border upon the 
silken thread. 


Fig. 6.— VIEW OF THE SPINNING APPARATUS OF JIyptiotes Americanus, FROM BELOW AND 

tN Front, 

A, the lower surface of the abdomen ; 7, the vent or outlet of the intestine, opening through a 
papilla ; @, one of the anterior pair; p, one of the posterior pair; m, of the middle and 
smaller pair; 2, a low oval projection just in front of the spinners, which seems to correspond 
to the fourth pair in other species; « 8, the silk from the anterior spinners, uniting to form one 
line, but capable of drying so as to form the two strands of the double interradial. I do not 
know from which spiuners the various parts of the net are formed. 


The spinning mammule, or spinnerets, are represented in Fig. 6. 
They form a little group upon the lower surface of the abdomen, near 
its hinder end. In a state of rest, they are closely approximated, but 
when in use they are more or less widely spread apart like so many 
fingers or short legs. Indeed, there is reason to regard the spinners as 
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corresponding in essential strneture with the true legs of the spider. 
They are jointed or articulated, and capable of considerable move- 
ment. Their number and form vary with different genera. In our 
spider there are three pair, anterior (7), middle (#2), and posterior (p). 
The middle pair are smaller, and ordinarily concealed by the others. 
Behind the spinners is the median papilla through which opens the 
vent (v). In front of them is a low, broad, oval-topped papilla (a), in 
which I find no trace of division into two, nor any silk-tubes. It 
probably represents the fourth pair of spinners, which exist in the 
other CVniflonide, 

The tips of the spinners are provided with many little tubes, hav- 


B 


ing the appearance seen in Fig. 7. Through these is drawn the gum 


| 


Fig, 7.—A SINGLE SILK-TUBE FROM THE END OF AN ANTERIOR SPINNER, 


seereted by the silk-glands within the abdomen, and all the strands 
from a single spinmer may combine to form a single thread. 

It is probable that the different pairs of spinners are supplied from 
different glands, and that they are employed in making different parts 
of the net. With the Vephila phonipes, I found that from one pair 
came only white silk, while another pair produced only yellow. By 
separating these with pins, soon after leaving the body, and attaching 


1 For an account of this species, and of the Zpeire riparia, see the following papers : 

“On the Mephila plumipes, or Silk-Spider of South Carolina” (‘ Proceedings of the 
American Academy of Arts and Sciences,” November, 1865). 

“On the Nephila phanipes” ( Proceedings of the Boston Society of Natural Tlistory,” 
October 4, 1865). 

“On the Silk-Spider of South Carolina; Four Lectures before the Lowell Institute, 
March, 1866 ” (unpublished). 

“ How my New Acquaintances spin” (Adlantic Monthly, August, 1866). 

“Memoirs of a Cripple” (Our Young Holks, September, 1866). 

“ Researches and Experiments upon Silk from Spiders ” (Termeyer, 1810-1820 ?) 
edited by B. G. W., and published in the “Proceedings of the Essex Institute,” Salem, 
Mass., July 6, 1874. 

“Two Hundred Thousand Spiders” (Harper's Magazine, March, 1867). 

“The Praetical View of Spider’s Silk” (The Gal/aru, July, 1869). 

“The Habits and Parasites of Epetra riparia” (“ Proceedings of the American Asso- 
eiation for the Advancement of Science,” 1873). 

‘The Nets of Kpeira, Nephila, and Hyptiotes (Mithras).? (Tbid.) 
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them to a cylinder, the two colors were wound separately from the 
living spider. Thus far, however, I have failed to ascertain their dis- 
tinction with this species. So my figure and description may not be 
correct in assigning to the anterior pair the duty of supplying the in- 
terradial lines... However, it seems probable that the process is as fol- 
lows: One or more pairs of the spinners are first pressed together and 
then separated, This draws out the silk as a band connecting their 
tips. By keeping them apart, and repeatedly carrying the calamistrum 
backward across their tips, the lines from each of the two mamimule 
in one pair are kept separate until thoroughly dried. When the line is 
completed and drawn taut they remain distinct, but very near together. 

We are now ready to observe the way in which the spider employs 
the organs above described. Let us suppose that the framework of 
the net is completed, and that the first or longest interradial line (Fig. 
8, 2’) has also been made. Instead of beginning the second interra- 
dialat S'’’, she begins at 4; and instead of climbing up the interradial 
or the strong and convenient base-line (2 £), she runs to a point (2) 
near the apex, crosses the two intermediate radii, and passes along 
the upper radius to the attachment of the first interradial (S’), On 
reaching this, she turns and moves for about her own length tow- 
ard the apex. Contrary to the usual habit of spiders, during this 
roundabout passage from 1 to 4 she spins no thread. She now spreads 
her spinners a little, and presses them upon the radius, keeping them 
so while she advances again about her own length. This forms the 
attachment of the second interradial. The spider then lets her abdo- 
men fall somewhat, supporting her body and advancing upon the line 
by means of her first, second, and third pairs of legs. The fourth pair 
are applied together to the spinuers with great rapidity, at least five 
times in a second or three hundred times in a minute, and in so doing 
they draw ont a double line.’ 

The spider moves slowly along the radins until she reaches a point 
(5) where she can step across to the next radius (20”), While so doing, 
she ceases to draw out the double line, and carefully keeps it from 

! From a notice in the dmericun Naturalist for February, 1875 (page 125), it appears 
that Mr, A. J. M. Underhill has lately published, in Science Gossip, some observations 
upon the employisent of the different pairs of spinners. He assigns to the third (mid- 
dle?) pair the production of a line which is either viscid or curled. 

* T ruust here almit an error ina previously-published account of the net (“‘ Proceedings 
of the American Association for the Advancement of Science,” 1873, pages 264-274). 
The interradial lines were there described as viscid. The fact is, that I had never thought 
it necessary to examine them under the microscope, since the interradial lines of all the 
Epeiride are viscid; that is, consist of a slender axis enveloped bya viscid coating, 
which, soon after the net is completed, runs spontaneously into minute globules. Find- 
iny that the interradial lines of the “ triangle-spider ” were elastic, and that they readily 
adhered to the prey, or to any other body, I not unnaturally, but most unseientificaliy, 
drew the inference that with this spider the lines were likewise viscid. During the sum- 
mer of 1874, while examining the manner of attaelment of these lines to the radii, T saw 
that the interradial lines were neither viserd, like those of the Epetride, nor provided 
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contact with either of the radii, She then retraces her steps along 
the second radins to a point (6) nearly under that whence she started, 
The double line has shortened itself considerably ; any slack she draws 
in, and then, turning abont, with her head toward the apex, she gnakes 
a second attachment with her spinners close pressed against the radius. 


Fig. §8.—NET IN PROCESS OF FORMATION, 


The framework is completed, and the first 
jnterradial line (7”) has been made. The 
snbseqnent movements of the spider are 
indicated by the figures 1 to 9. and by the 
interrupted linesand arrows. The dashed 
line 1, 2, 3, 4, shows the route which the 
spider followed in order to commence 
the second interradial. The doffed line 
4.5, represents her track while pniling 
out the first section of the interradial 
line: the dashed line 5, 6. shows her re- 
turn to the proper point for attaching it. 
The dotted Hine 6, 7, and the dashed line 
7, 8,in like manner indieate the track 
over which the spider passed in forming 
the second section of the second interradial. The dotted line &, 9, shows the progress of the 
spider toward making the third section. The net is considerably reduced, but the spider is of 
about her nsual size. 


This done, she again hangs from the radius, draws out the viscid line, 
and advances toward the apex, crosses at 7 to the third radius (2), 
retraces her steps thereon to 8, and makes a third attachment. She 
then repeats the same process upon the third radius, and, in Fig. 8, is 
represented as having finished about one-half of the line. 

It must be borne in mind that the spider is not redneed, like the 
net ; and also that, to save space, the interradial spaces are not so wide 


with a fine floss, as with the other Ciniforida, but simply double lines, the two strands 
being from sha to aye Of an inch apart, 

My error exemplifies the utter insnfficieney of property and function as a guide to 
strueture, and enforces the general prineiple in natural history, that nothing should be 
stated ag a fuet that has not been verified by odservation. Tt was his avoidance of this 
kind of error which rendered the work of the late Prof. Jeffries Wyman so remark- 
ably trustworthy. 

Sinee the foregoing was in type, I have learned from Mr. J. TH. Emerton, of Salem, 
that some of his observations upon the structure and economy of this spider do not 
accord with those here recorded, Tt is to be hoped that the views of this accomplished 
and enthusiastie urachnologist will be ineorporated with the new edition of Hentz’s papers, 
which he is preparing for publication by the Boston Socicty of Natural History. 
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as in Nature. The remaining interradials are formed in like manner, 
their number varying from six to fifteen. 

It will be seen that, by first making the double line nearest the 
base-line, and atterward the others in their order, the spider avails 
herself of the fact that a less and less distance is to be successively 
gone over before crossing from one radius to the next; whereas, if 
she made the shortest double line first, then she would either be liable 
to entangle the other if she crossed at the apex, or, if she went around 
by the base-line, the distances to be gone over would constantly de- 
crease inversely to the lengths of the double lines themselves, causing 
either waste or entanglement. 

It is not yet certain just how long a time is required for making 
the entire net ; but, in one case, the spinning of the five lesser viscid 
lines occupied the spider ten minutes ; the other and longer ones may 
have taken twice as long; and, as the return-movements are rapidly 
executed, we may say that, for at least half an bour, the little spider is 
moving her hinder legs together and with great precision at the rate of 
300 times per minute, making the total number of movements 9,000 ! 


How 1s tar Ner usep ?—If the making of the net is peculiar, its 
use is even more remarkable; and here, fortunately, few points re- 
main to be cleared np; for the spider’s response to a disturbance of 
her net by a fly is so prompt that one may, at any time, witness the 
operation. 

At the close of what to the observer seems a pretty energetic 
exercise of all her faculties and powers, the spider, without a mo- 
ment’s rest, goes to a point upon the apex-line about an inch from the 
origin (Q), and, firmly grasping the line between the first and second 
pairs of feet, she walks backward, foot over foot, until her hinder feet 
are caught in the attachment itself, or in the thickened line near it ; 
in so doing, a certain amount of slack-line has been furled up between 
the two points held by her hinder legs and the front ones; this slack 
is kept away from her body by means of the third pair, which are 
shorter than the others. Evidently the effect of the above operation 
is to draw the net toward the apex, the two middle radii being most 
affected, and with them the central portion of the base-line to which 
they are attached ; and the whole net assumes the appearance shown 
in Fig. 1. 

It is now upon the stretch; and the degree of tension is very con- 
siderable, judging from the violence of the snap when it is let go; 
the exact amouit has not yet been measured, but, when it is borne in 
mind that the spider remains motionless for hours, perhaps for days, 
constantly holding her net ready for action, we may conclude that, as 
is the case with other insects, her powers and her endurance are, in 
proportion to her size, quite beyond what we are familiar with among 
the higher animals. But our spider’s ability to keep still is fully 
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equaled by her eapacity for action when the moment arrives; and 
yet she is by no means hasty; as a general thing (the exceptions 
being due perhaps to hunger, or inexperience), the vibration of the 
net by an insect must be pretty decided, and at least onee repeated, 
before the spider feels justified in springing her trap; and when, as 
may sometimes happen naturally, but more ofter through experiment, 
a large or fierce insect is pnt into the net, nothing will induce the 
spider to budge; she will suffer her net to be wholly destroyed rather 
than expose herself or her reputation (?) to a doubtful encounter, 
Let us suppose, however, that a common tly, or a gnat, or a moth, has 


Fie. 9.—NET OF THE TRIANGLE SPIDER 
WHEN LET GO FoR THE ENTANGLEMENT 
oF Prey. The base-line is more near- 
ly straight, and the apex-line is tant, 
the slack having disappeared. 


struck the net in passing—it may have touched a single double line— 
but this adheres with the greatest tenacity, and is so clastic as to 
yield without breaking, so that each struggle involves the victim still 
more, and may even bring it into contact with the uext interradial, 
As soon as the violence and repetition of the vibration indicate that 
an insect is really entangled, the spider awakes from her apparent 
apathy ;,she lets go with her hinder feet; the net, released from its 
tension, flies forward, and at the same time flaps from side to side. 
The comparative inertia of the fly canses the two or three double 
lines next to it on the side toward the apex to be, as it were, propelled 
against it, and the entanglement is aided by the sidewise flapping 
already mentioned ; as may be imagined, all this is pretty apt to in- 
volve the fly beyond the possibility of escape; but, if the spider does 
not feel certain of this, she creeps backward again, foot over foot, as 


652 THE POPULAR SOIENCE MONTALY., 


before, and again springs her net; and this I have seen repeated in 
quick succession six times before the spider has ventured to make a 
personal approach, She has already been carried a little way toward 
her prey by the snapping of the net, for she always retains her hold 
of the apex-line by her first two pairs of feet, and the third pair serves 
to steady her as the slack-line slips between them, Advancing now to 
the junction, she seems to ascertain the exact location of the fly by 
pulling upon the radii." Having decided, she runs along the chosen 
radius, and sometimes, when the prey is small, or hopelessly entangled, 
contents herself with pulling it up by means of the lines about it, and 
carries it to her accustomed station to be eaten at her leisure. 

But more often she adopts a method of securing her prey which, 
so far as I know, is peculiar to this genus, and involves the destruction 
of her entire net. 

Before reaching the apex (.4), she cuts with her jaws the apex-line, 
but, as she keeps constant hold in front of the ent by her first and sec- 
ond pairs of feet, and has a communication in the rear through the line 
which most spiders always attach to a point behind them, she does 
not fall, neither is the net loosened beyond a certain limit; it usually 
seems to recoil about an inch; this recoil tends to entangle the prey 
like the original snaps of the net. The spider again advances, gathers 
the radii together and cuts them all, still keeping the line out behind ; 
again the net recoils and collapses. Again she advances and euts the 
radii; the net is now hardly distinguishable as such, and is falling 
together about the devoted fly; the spider now spreads her legs, 
gathers the net between them and flings it like a blanket over her 
victim ; struggles are now in vain; but, “ to make assurance doubly 
sure,” the spider grasps the mass, transters it to her third pair, and 
with them turns it over and over as a ball, hanging the while by her 
front legs, and, with the hinder pair used now alternately, drawing out 
from the expanded spinners broad sheets of silk which, relatively to 
the power of the fly, are like steel bands upon a man, Having in this 
way reduced the prey to a rounded ball, in whieh its limbs are hardly 
distingnishable, the spider takes it in her jaws and mounts to her place. 

A single fly of ordinary size seems to oceupy a whole day in the 
eating. When finished, the remains are cast down as a pellet, so per- 
fectly deprived of moisture, that it is probable that this species, like 
the Nephila, and perhaps all Epesridie, sucks out the gum of its old net 
and retlaborates it in her organs for use in making a new one. 

Whether this peculiar economy is practised or not, it is certain 
that the ZZyptiotes often sacrifices its whole net in the capture of 
a single fly; and that the making of this net invelves an amount 
of labor and of skill which one would think not lightly to be thrown 
away. 

As with the Vep/ilu, and perhaps all other geometrical spiders, this species seems 
to perceive light only, and not to sce objects distinetly. 
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Tne Retations or Hyptiores.—In these days of evolution, we 
ean hardly wait to learn what an animal does in the present, before we 
inquire what its ancestors were, and how it came to be what it is. 

Ideally, one may at onee draw a curious comparison between 
Fyptiotes and two other spiders already referred to in this article, 
namely, the Apefra and the Vephile » for the net of the former is a 
complete circle, that of the latter is a circle lacking its upper sextant, 
while the net of Myptiotes is just about the sextant or sixth of a 
circle. To use a more homely comparison, the net of petra is an 
entire pie, that of Nephila is a pie with a piece eut out, while that of 
Hyptiotes represents the missing piece. In algebraic language, Vephilu 


+ Lyptiotes = Epeira. 


Fic. 10.—D1aGRAM REPRESENTING THE F'oRMs OF NETS OF NEPHILA (N), Hyptiotes (1), 
AND Epetra (E). 


But, while the above companson enables us to contrast the nets of 
the three genera, it by no means satisfies the inquirer as to the deriva- 
tion of the forms in question. To answer this in full would require a 
more complete knowledge than we now possess, and would involve a 
discussion too technical for these pages; but there are a few consid- 
erations easily presented, which indieate that the gaps between the 
forms are not so great as at first appears. 

1, The net of the ordinary geometrical spiders, like that of Epeira 
riparia, consists of a continuous spiral viseid line laid upon radii, 
while that of Mephila presents a larger number of radii upon which 
is laid a looped viscid line, which does not extend across that part of 
the circle just above the centre. Bunt in several nets, otherwise of 
usual geometrical character, I have found one or the other side, but 
usually the bottom, extended considerably by the addition of several 
looped lines, like those made by MepAile ; so that we may imagine 
that Wephila has merely perpetuated and intensified into constancy a 
method of net-making which was occasionally employed by the torm 
from which it and the common petra are both descended. 

2, At least one species of Apeira (the E calophylla of Great 
Britain, described by Mr. Blackwall) constructs a net of looped lines, 
like that of Nephi7a, but the loops terminate on both sides of a sinyle 
radius, which serves as a line of communicition between the centre 
of the net and a cell under a neighboring leaf. Now, if we imagine 
the net to be reduced trom many radii to four, then the single divergent 
radius of 2. calophylla would represent the apex-line of J/yptiotes 

3. Many and perhaps all geometrical spiders are acenstomed to 
shake their nets violently when tonched, and sometimes to seize 
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several radii in their claws, and draw them up and let them go sud- 
denly ; such a habit may have been the foundation of the remarkable 
device adopted by L/yptlotes, 

One further inquiry is suggested by the fact that the net consists 
invariably of fowr rud??, Whatever other variations there may be in 
the spider’s work, as to the size and proportions of the net, and the 
number of interradial lines, the rember of radii is constant. Tn more 
than a hundred nets, [have found the number to be jour, never more 
nor less. Now, this seems to offer a confirmation of the common idea 
that spiders’ webs, like bees’ cells, are constructed with absolute ac- 
curacy, and are models for poor humanity. 


Fie. 11.—Net oF Nephila plumipes. made in a wire frame, and photographed upon wood ; 
reduced. In nature, the free radii, as above described, occupy about 3 of the area; but the 
web of which a figure is given was made upon a frame, the limits of which seem to have 
interfered with the extension of the loops above the level of the centre of radiation. 

But Prof. Jetiries Wyman has shown that no such exactitude pre- 
vails with the cell of the honey-bee ; for, while the average diameter of 
a large number of worker eells is about one-fifth of an inch, yet the 
difference between two cells has been found to be one-fortieth of an 
inch, and the aggregate diameter of ten cells may differ from that of 
another set of ten cells one-fifth of an inch, or the diameter of a 
single cell. The width of the sides varies to an appreciable extent ; 
likewise the angles between the sides; a fourth face is often intro- 
duced into the base, and the rows of cells may be greatly out of line; 
in short, while it is probable that the bees work with reference to an 
ideal or type implanted in them, Prof. Wyman is inclined to doubt 
whether a type-cell 7s ever really made." 

The reader will now be prepared to hear that, after careful exami- 
nation of large numbers of nets of many different spiders, I have yet 
to find one in which the irregularities could not be detected by the 

‘On the Cells of the Honey-hee” (“Proceedings of the American Academy of Arts 
and Sciences,” January 9, 1866, pp. 68-82; 6 figures). 
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eye. he radii and viscid lines differ in number (the number of radii 
being constant only in Ayptiotes). Their distance apart varies greatly, 
as ight be expected from the fact that spiders make their measure- 
ments hastily, and with no apparent attempt at precision; in fact, the 
irregularities are such as would disgrace any human artiticer, We must 
conchide that the popular belief upon the subject is based upon very su- 
perficial observation, and that it had its rise in the old theological idea 
that because the Creator is perfect, so must be the performances of all 
his creatures, excepting the one example of total depravity—man. 

But let this not trouble us. Like the orthodox interpretation of 
Scripture, so the orthodox interpretation of Nature may be far out of 
the way; and the readiness with which the world has accepted new 
views, when their correctness is beyond controversy, and yet kept its 
faith in the power, the wisdom, and the goodness of God, shows the 
truth of the following aphorism: *‘It is important not to confound 
the fundamental order of Nature, which is indeed immutable, with the 
ideas, more or less complete, which we entertain at a given time, re- 
specting the manner in which that order is manifested.” 


- Se 


THE ROYAL INSTITUTION AND THE SOCIETY OF ARTS.’ 
By BERNARD H. BECKER, Esa. 


OMMENCING with the nineteenth century, the Royal Institu- 
tion, that stronghold of fashionable science in Albemarle Street, 

ean claim for itself many of the most remarkable discoveries which 
have distinguished an era of unrivaled activity. It owes its origin 
partly to Sir Joseph Banks, but in a far greater degree to a more re- 
markable man. Benjamin Thompson, afterward Count Rumford, was 
a lineal descendant of one James Thompson, who figured at Charles- 
town in Winthrop’s company in 1630, Born in his grandfather’s farm- 
house, he enjoyed the advantage of a good grammar-school education, 
and then advanced in the world by the steps familiar to this day in 
America, but almost unknown in Europe. He was apprenticed to an 
importer of British goods, was allowed to make small ventures on his 
own account, fancied that he had invented perpetual motion, took a 
great interest in questions relating to light, heat, and the wind, lost 
his place, and blew himself up with fireworks before the age of six- 
teen, At seventeen he was a dry-goods clerk in Boston, studied 
French during his evenings, and got himself an electrical machine 
with money earned by cutting and varting firewood. He then boarded 
for some eighteen months with a Dr. John Hay, and picked up a little 
anatomy, chemistry, surgery, and physic, and in 1771 went to Cam- 


1 Abridged from “ Scientific London.” 
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bridge, Massachusetts, to attend Winthrop’s lectures on “ Experimen- 
tal Philosophy.” Ie then, after the manner of his country, “taught 
school” at Wilmington; and afterward became master of a school at a 
place originally called Rumford, but subsequently rechristened Con- 
cord, when the disputes as to the State to which it belonged were 
finally settled, and it was ceded to New Hampshire for good and all. 

Shortly before attaining the age of twenty, Thompson, a fine, 
handsoine young man, married—or, to use his own expression—“ was 
married by” Mrs. Rolfe, a wealthy widow of Concord. There was 
now no more occasion to “teach school,” and Thompson hoped for 
leisure to pursue science vigorously ; but the American Revolution 
breaking out, he speedily found his way to England, in 1778 was 
elected a Fellow of the Royal Society, and two years later became an 
under-secretary of State, and colonel of the king’s American Dra- 
goons. At the conclusion of the war he was knighted by George 
Ill, and, having met the Elector of Bavaria at Strasbourg, passed 
a considerable time in Munich, busying himself in improving the 
breed of cattle and in building workhouses, and it was in order to 
find the most economical method of lighting the workhouse in Munich 
that he initiated the series of experiments afterward embodied in a 
paper on “The Relative Intensities of the Light emitted by Luminous 
Bodies,” read before the Royal Society. 

Honors now fell thickly upon the successful American. In 1785 
he was elected member of the Bavarian Academy of Sciences, and in 
the two succeeding years was made a member of the Berlin Academy 
of Sciences, and received the order of St. Stanislaus. Finally, Sir 
Benjamin Thompson became Lieutenant-General of the Bavarian 
Armies, received the order of the White Eagle, and was made a 
Count of the Holy Roman Empire. 

After the death of his wife he traveled for sixteen months in Italy, 
and during his stay at Verona rebuilt the kitchens of the two great 
hospitals—La Pieta and La Misericordia. Seven-eighths of the fire- 
wood were saved, and his success in this enterprise appears to have 
greatly encouraged Count Rumford to pursne his investigations into 
the proper management of fuel. A curious essay written by him 
about this time contains the mixed philanthropic and philosophic 
germ of the Royal Institution. This is a “ proposal for forming in 
London, by private subscription, an establishment for feeding the 
poor and giving them useful employment, and also for furnishing food 
at a cheap rate to others who may stand in need of such assistance, 
connected with an institution for introducing and bringing forward 
into general nse new inventions and improvements, particularly such 
as relate to the management of heat and the saving of fuel, and to 
various other mechanical contrivances by which domestic comfort and 
economy may be promoted.” This was followed by other essays on 
“Food and feeding the Poor,” on “ Rumford Soup and Soup-Kitch- 
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ens,” and on “ Chimney Fireplaces.” The Rumford medal was now 
presented to the Royal Society “for discoveries tending to improve 
the theories of fire, of heat, of light, and of colors, and to new inyen- 
tions and contrivanees by which the generation, and preservation, and 
management of heat and of light may be preserved.” The endow- 
ment of the medal consisted of £1,000 stoek, and was, I may add, pre- 
sented on the first award, in 1802, to its founder. Meanwhile Rum- 
ford went to Ireland and fitted up laundries and model kitchens, cot- 
tage fireplaces, and model lime-kilns ; served in Bavaria, preserving 
by his firmness and skill the neutrality of that country ; and finally 
determined to return to America, but was deterred from earrying ont 
this project by his anxiety to launch the Royal Institution. In the 
mind of Rumford the dominant idea was originally that of bettering 
the condition and inereasing the eomforts of the poor. A society was 
formed for this purpose, and out of it sprang, from a proposal of Count 
Rumford, a scheme for forming a new “ Establishment in London for 
diffusing the Knowledge of Useful Mechanical Improvements.” The 
two great objects of the institution were declared to be, the diffusion 
of the knowledge aforesaid and the teaching of the application of 
scientific discoveries to the improvement of arts and manufactures in 
this country. To fulfill the first object were to be exhibited full-sized 
working models of fireplaces, kitchens, stoves, grates, boilers, coppers, 
ete., and smaller models of houses, bridges, spinning-wheels, and of all 
“such other machinery and useful instruments as the managers of the 
institution shall deem worthy of the public notice.” 

In order to carry into effect the second objeet of this institution— 
namely, “ teaching the application of science to the useful purposes 
ok life ””—a lecture-room was to be fitted up “ for philosophical leetures 
and experiments, and a complete laboratory and philosophical appa- 
ratus, with the necessary instruments, will be provided for making 
chemical and other philosophical experiments.” On the 7th of March, 
1779, a meeting was held at the house of Sir Joseph Banks, at which 
the list of original fifty-four proprietors and subscribers of fifty guineas 
was read. In addition to the names of Rumford and Banks are found 
on this list those of Angerstein, Joseph Grote, the Duke of Devon- 
shire, Earl Spencer, Ear] ILolland, Lord Palmerston, the Earl of Win- 
ehelsea, and William Wilberforee. By the end of June, 1801, the 
Royal Institution had received npward of £20,000 in subscriptions. 
The site of four houses had been purchased in Albemarle Street, pro- 
fessors of chemistry, physics, and mechanies, had been engaged, daily 
lectures were delivered, a spacious chemieal laboratory had been 
erected, workshops for making models had been built, and skilled 
workmen engaged for making apparatus and models of various kinds. 
Early in this year Count Rumford wrote to his daughter that the 
Royal Institution was “ not only the fashion but the rage,” and men- 
tions incidentally that “we have found a nice, able man for this place 
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as leeturer—Humphry Davy.” This “nice, able man” was the emi- 
nent philosopher destined to explode a great part of Ruinford’s scheme, 
his models, his fireplaces, his kitchens, his experimental cooking, and 
his experimental dinners. In 1802 Count Rumford forsook England 
for Bavaria—as it turned out, forever—and, like many other bene- 
factors of his species, was considered a good riddance, So far as can 
be ascertained, the American-Bavarian Count was offensively dicta- 
torial in his manner, and exasperated those whom he did not sueceed 
in crushing. Jlaving shaken off Dr. Garnett, the first Professor of 
Chemistry at the Royal Institution, he engaged Davy as an assistant 
lecturer in chemistry, direetor of the laboratory, and assistant editor 
of the journals of the Institution. The future president of the Royal 
‘Society was granted a room in the house, coals, candles, and a salary 
of 100 guineas per annum. 

The first interview of Davy with Count Rumford was not very 
agreeable to the young chemist, then in his twenty-third year. The 
intensely juvenile air of the candidate, his almost provincial manners, 
and a slight Cornwall accent, sufficed to reduce the glacial count to a 
lower temperature than usual. With considerable diftieulty Davy ob- 
tained permission to give a few lectures on the properties of gases, 
This, however, was sufficient. At the first leeture the variety and in- 
genious combination of his ideas, and the fire, vivacity, clearness, and 
novelty, with which they were expounded, enchanted the few who 
came to listen to the young lecturer, in whom they found united the 
power of poetry, oratory, and philosophy. The second lecture was 
crowded, and his course was obliged to be removed to the large am- 
phitheatre, whither his fervid genius, and in some degree his youth 
and good looks, drew immense audiences. The ladies were charmed 
by the handsome young lecturer, and never tired of praising the 
beauty of his eyes, which they declared were “made for something 
besides poring over crucibles.” 

Before coming to the Royal Institution, Davy had already attained 
a certain celebrity by discovering the anesthetic properties of nitrous 
oxide, and the period of his professorship was signalized by many 
brilliant discoveries. Named titular Professor of Chemistry in 1802, 
he only resigned the chair in 1813. He delivered his last lecture on 
the 9th of April, 1812, the day after he was knighted by the prince 
regent, and the day before his marriage with Mrs. Apreece, a wed- 
ding which put him in possession of a large fortune. The splendor 
shed upon the Royal Institution by the new Professor ot Chemistry 
prevented the exhibition of any regret at the entire alteration of the 
original plan of the establishment. The Institution was no longer a 
popular school of teehnical science, but became almost the exelusive 
property of the higher classes. Ladies of the highest rank, and young 
noblemen, assiduously followed the lectures of Davy, while his re- 
searches in the laboratory produced the most solid results. It was 
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there that he discovered the laws of clectro-chemical decomposition, 
and suececded in decomposing fixed alkalies—that he established the 
true nature of chlorine and the philosophy of flame. The electric 
battery with which the separation of potassium and sodium was op- 
crated is still preserved in the Royal Institution along with other ap- 
paratus used by Davy. The delight of the investigator, on seeing the 
globules of the new metal start through the ernst of potash and catch 
fire on contact with the air, was intense. ‘He could not contain his 
joy, and danced round the room in an ecstatic transport; it was only 
after a while that he recovered sufticicnt calmness to continue the ex- 
periment.” An immense clectric battery was now construeted, and 
this heavy artillery directed against resisting earths. The result of 
experiment was to add four new metals to the list—barium, stron- 
tium, calcium, and magnesium. On resigning the chair of chemistry, 
Davy declared that he only renounced teaching in order to devote 
himself to original investigation, but after this date his life was only 
marked by one great discovery—that of the safety-lamp which bears 
his name. 

In the year marked by the rising of that brilliant star, Sir Hum- 
phry Davy, the directors of the Royal Institution made another great 
suecess by appointing to the chair of natural philosophy a man of 
transcendent genius, the celebrated Dr. Young. Te was one of the 
tew infant prodigies who have made a mark in afterlife. At two 
years of age he could read. At four he could recite by heart numer- 
ous English and Latin poems, of which last, by-the-way, he did not 
then understand a word ; but by the age of fourteen he had Jearned— 
besides Greek and Latin—French, Italtan, Hebrew, Persian, and Ara- 
bie, Ilis passion for learning was immense, and his talent for over- 
coming difficulties astounding. On reaching man’s estate he was an 
accomplished linguist, a brilliant mathematician, a botanist, a skillful 
musician, 2 neat turner, and a daring cirens-rider, This universal 
genius did not remain long at the Royal Institution, but yet had time 
to deliver a notable course of lectures on “ Natural Philosophy ” be- 
fore his retirement, when his place was oceupied by Dalton, The 
famous author of the “ Atomic Theory ” was surprised, like other peo- 
ple, at the youthful appearance of Davy, and writes, characteristically 
enough: “He is a very agreeable and very intelligent young man, 
and we have extremely interesting conversations of an evening; his 
principal defect—as a philosopher—is that he does not smoke.” 

Although in the foremost rank of scientifie men, Dalton was far 
from achieving great success as a lecturer, being almost utterly devoid 
of the fluency and power of illustration possessed in such a remark- 
able degree by Davy and Faraday. .A most amusing account was 
given by Babbage of the incidents attending the presentation of Dal- 
ton at court. Firstly, he was a Quaker, and would not wear the 
sword, which is an indispensable appendage of ordinary court dress. 
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Sceondly, the robe of a doctor of civil law was known to he objection- 
able on account of its color—scarlet—one forbidden to Quakers. 
Luckily, it was recollected that Dalton was afflieted with the peculiar 
color-blindness which bears his name, and that, as the cherries and 
the leaves of a cherry-tree were to him of the same eolor, the scarlet 
gown would present to him no extraordinary appearance. So perfect, 
indeed, was the color-blindness, that this most modest and simple of 
men, whose only pleasures were a pipe and a game of bowls, after 
having received the doctor’s gown at Oxford, actually wore it for 
several days in happy unconsciousness of the effect he produced in the 
streets, The inventor of the caleulating-machine, having offered to 
present his Quaker friend, was evidently in a state of fussy excitement 
About the result of the experiment. Poor Dalton was compelled to 
rehearse thoroughly the ceremony of presentation by the inexorable 
calculator, who—having fonnd the chances in favor of a fauxr-pas to 
preponderate—was in a dreadful “ taking ” on the eventful day. The 
calculator was completely wrong. The king: addressed a few remarks 
to Dalton, who replied in fitting terms, and the tribulation of Babbage 
was over. 

While the claims of science were amply supplied by the genius of 
Dalton, Young, and Davy, literature and moral philosophy were in- 
trusted to no ordinary hands. During the years 18046, the town- 
talk of London was divided between young Roseius, the youthful 
tragedian, and the lectures on moral philosophy delivered by the Rev. 
Sydney Smith, who, forty years after, said, “I did not know a word 
about moral philosophy, but wanted two hundred pounds to furnish 
my house. My suceess was prodigious.” The “londest wit I eer 
was deafened with” probably exaggerated his ignorance of his sub- 
ject, as he had passed five years at Edinburgh, and had opportunities 
of hearing Dugald Stewart and Thomas Brown; but in any ease the 
lectures were a certain success in the hands of the eloquent preacher, 
who, if himself knowing little about moral philosophy, addressed an 
audience which knew nothing at all. Of very different calibre were 
the leetures on poetry delivered by Coleridge. It will be recolleeted 
that it was in these famous discourses that the author of “ Christabel ” 
promulgated those views which have since spread far and wide, and 
will probably hold their ground when the ephemeral opponents of 
Shakespeare, and worshipers of a second-rate poet like Schiller, have 
for long ages been consigned to oblivion, 

On the retirement of Davy, in 1813, William Thomas Brand, a 
distinguished chemist and Copley medalist, was nominated to the 
chair, whieh he so admirably filled for forty years. Meanwhile, a 
young man whose uchievements were destined to invest the Royal 
Institution with peculiar glory had, in a manner of speaking, received 
the mantle of Davy. Michael Faraday was born at Newington Butts, 
of poor parents. lis father was a farrier, of whom—to the great 
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sorrow of Prof. Tyndall—his son could never call to mind a single 
trait of intelligence. The boy was apprenticed to a bookbinder, but 
in his leisure moments learned “a little chemistry and other parts of 
philosophy.” Tle had so far advanced as to construct for himself an 
electrical machine, when his master happened to show this specimen 
of ingennity to one of his clients, Mr. Dance, who obtained permission 
for the apprentice bookbinder to be present at the last four lectures 
of Davy. The youth listened attentively, and made such notes that 
he was enabled to write a report of the leetures, which he sent to 
Davy, with a modest request that he might be employed in the 
laboratory of the Institution. Davy was struck by the clearness and 
exactitude of the young bookbinder, and gave him, at the commence- 
ment of 1813, the post of laboratory assistant. Toward the end of 
the year he accompanied Davy abroad, as his assistant and secretary. 
Retnrning to London in 1815, he recommenced his duties in the lab- 
oratory of the Institution, was appointed director of the laboratory 
in 1825, and two years later became one of the regular professors of 
the Institution, where his seientific researehes, like those of Davy, 
were made at the cost of the society alone, without any assistance on 
the part of the state. 

Among the many achievements of Faraday are the demonstration 
of the condensability of many gases, and his investigations into the 
reciprocal relations of heat, light, magnetism, and electricity. Not 
the least noble quality of this remarkable man was his marked pref: 
erence of a purely scientific career over the acquirement of wealth, 
With the reputation acquired by the year 1832, he might have made 
several thousands a year by ordinary professional work, but, consid- 
ering all the time not actually devoted to experiment or to demon- 
stration as a sacrifice of original investigation, Faraday lived and died 
poor in the world’s goods. 

At the present day the Royal Institution maintains its renown— 
thanks to Prof. Tyndall, who, by his work on “Heat considered as a 
Mode of Motion,” has proved himself uo unworthy successor of Davy 
and Faraday. The late president, Sir Ilenry Holland, was, on his 
decease, replaced by the Duke of Northumberland, whose keen interest 
in scientifie inquiry is well known, The important office of Treasnrer 
and Honorary Secretary—on which to a great extent the success of 
the Institution depends—is now ably tilled by Mr. W. Spottiswoode. 

The Royal Institution, in addition to the attractions of its leet- 
ures, possesses a model-room, a newspaper-room, a reading-room, and 
a library of 36,000 volumes, presided over by Mr. Benjamin Vincent. 

As might be expected in a highly-fashionable institution, mem- 
bership is not acqnired at a cheap rate, but candidates who are pro- 
posed by four members are immediately admitted to the privileges of 
the Institution, and pay on election ten guineas (five guineas as an 
admission-fee, and five guineas as the first annual payment). This 
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payment secures admission to all lectures delivered in the Institution, 
to the libraries, and to the weekly evening meetings, with certain 
other privileges—such as the right of admitting two friends to the 
Friday evening meetings—a privilege often abused on occasions when a 
lion of unusual magnitude is about to roar. An inferior kind of mem- 
ber is the annual subscriber, who enjoys most of the privileges above 
named, with the exception of admission to the weekly meetings, from 
which sublime gatherings he isexcluded, Other persons are suffered to 
subscribe to the afternoon lectures at the very moderate price of two 
guineas for all courses of lectures frcm Christmas to midsummer, but 
are not allowed to show themselves elsewhere than in the lecture 
theatre, and never there on a Friday night. 

This weekly meeting is a wonderful combination of science and 
society, of physies and fashion, albeit once in a while a printer or pho- 
tographer manages to obtain permission to dilate on the excellence 
of his wares, and to thus advertise himself. Nevertheless, in spite of 
an occasional drawback of this kind, the Friday evening lectures are 
of sufficiently high class to please all but a purely scientific audience. 
It is clear that to gratify the members—who are, after all, mere flesh 
and blood, and not philosophical abstractions—concessions to popular 
taste and feeling must occasionally be made. Thus, while all may 
equally enjoy a lecture on the “ Acoustic Transparency and Opacity 
of the Atmosphere ”’—a subject which, in its practical relation to fog- 
signals, is full of general interest—those of a higher and drier turn of 
mind experience ineffable delight when Prof. Sylvester holds forth on 
the conversion of circular into parallel motion; while the noble army 
of simple lion-hunters rush not only to hear, but to see, Sir Samuel 
Baker. On this particular night I find all the approaches to Albemarle 
Street blocked by carriages, and on making my way into the Royal 
Institution find the theatre fully occupied at a quarter-past eight 
o'clock, or three-quarters of an hour before the time of the lecture. 
With the exception of a few seats reserved for the two Boards of Man- 
agers and Visitors, the hall is crowded to the ceiling, every avenue 
being already jammed with a dense mass of people, among whom gay 
opera cloaks and Agot caps largely predominate over black coats 
and showy shirt-fronts. A few young men are visible, but, after 
standing about for a while, and finding it impossible to approach their 
far friend, these youths vanish through the crowded door-way and are 
seen no more, thus leaving the entire field clear to the British matron, 
who prevails to-night to an extent that would have struck terror into 
the soul of poor Nathaniel Hawthorne. There is no inconsiderable 
amount of crowding and pushing in this elegant throng, and I am 
forcibly reminded of the saying of a certain philosopher—who has 
seen men and cities, and the customs of them—that “a well-dressed 
crowd is a rude crowd.” 

So thoroughly and completely packed is every bench, step, and 
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door-way, that it occurs to me as a piece of singular luck that no 
formidable philosophic apparatus is necessary for a dissertation on the 
“ Slave-Trade of the White Nile,” as the space often occupied by Prof. 
Tyndall’s tubs is packed full of chairs, to the great relief of a number 
of ladies. Sir Samuel Baker delivers his views on the “Slave-Trade” 
to an evidently sympathetic audience, easily put into good-humor by 
being told that England was the first nation to set the world the 
noble example of liberating her slayes—a statement, by-the-way, not 
precisely accurate, inasmuch as in 1780 was passed an act for the 
gradual extinction of slavery in Pennsylvania, an example followed 
four years later by the States of New Jersey and Connecticnt, and in 
1793 the Freneh abolished slavery in Hayti, forty years before its 
abolition in our West India colonics. No doubt, to those who had 
never heard much about slavery, the remarks on its cruelty and injus- 
tice were interesting enough, but I, 7ufeléz, have had my ears too 
often pierced by shrill American voices, raised to shrieking pitch on 
this subject, during “the late trouble.” Sir Samuel Baker is an ex- 
cellent advocate for a new crusade against slavery, and produces 
ample evidence as to the atmosphere of general rascality evolved by 
slave-holding and slave-dealing, but his arguments, though true enough, 
are not very new. The lecturer, however, possesses the excellent gift 
of carrying his audience along with him, and sends them home happy in 
the conviction that they have assisted at an anti-slavery demonstration. 

The claims of science are amply vindicated on the following 
Friday by Dr. Wright, an experimentalist of known boldness, who 
delivers a discourse on the “Chemical Changes accompanying the 
Smelting of Iron in the Blast-Furnace.” Dr, Wright has enjoyed the 
advantage of pursuing his investigations in concert with Mr. Lowthian 
Bell, a gentleman well known by his inquiries into the chemistry of 
the blast-furnace, as well as by his office as President of the Iron and 
Steel Institute, and his gigantic enterprises in the production of iron 
and chemicals. Although of little interest to the general public, this 
lecture commands a good attendance of experts, who follow Dr. Wright 
very attentively through his exposition, and endure, withont a mur- 
mur, an atmosphere heavily charged with noxious gases. 

I have already observed that, in addition to the Friday evening 
meetings, where lions of the first magnitude roar by turns, several 
courses of afternoon lectures, in which actual teaching is combined 
with attractive experiments, are given during the session. These 
lecturers and their subjects attract audiences of varying strength. 
Looking in, one afternoon, to hear a lecture on Paleontology by Prof. 
Dunean, I find the theatre but thinly attended, in spite of the inter- 
esting character of the lecture, and its eloquent treatment by the 
expositor. This apathy may perhaps be explained by the diffienlty 
of inspiring ordinary human beings with a taste for science, pure and 
simple; as I well recollect that, when—at the dawn of the Darwinian 
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system—ypaleontological lectures were unavoidably associated with 
the controversy initiated by that philosopher, every lecture directly 
or indireetly bearing on the theory of development commanded a 
numerous and fashionable audience. Attentive listeners sought, in 
the discourses of Prof. Owen, for facts and deductions more or less 
damaging to the bold theory advanced in the now famous “ Origin of 
Species by Natural Selection.” But the uproar occasioned by the 
“Essays and Reviews,” and Mr. Frederick Harrison’s review of the 
reviewers in the TWestinster, has nearly subsided, and the polemi- 
eal element has faded out of geological discussion. Denuded of its 
controversial spice, paleontology no longer possesses its whilom at- 
tractiveness, and the audience of to-day is apparently composed of 
those who care for the subject for its own sake alone. Prof. Duncan 
is discoursing on that friend of my youth, the ichthyosaurus, and in a 
few neat aud graphic sentences describes the manners, customs, and 
peculiar structure of the great fish-lizard, with whale-like body, croco- 
dile head, and monstrous saucer-eyes. The plesivsaur with the outline 
deseribed by the late Prof. Buckland as that of a “turtle with a 
serpent pulled through it” next engages attention, and is described 
very graphically as a “’longshore-man” of the diluvial period, a 
prowler on the edges of the great deep, and a snapper-up of un- 
considered trifles.  esiosaurus disposed of, the inevitable ptero- 
dactyle turns up, the flying lizard of predatory habits, the possible 
progenitor of birds, and the certain original of the heraldic dragon 
and griffin, The shape of the head and the gradual adoption by this 
grewsome creature of a breastbone, give still more coherence to the 
theory that pterodactyle is a lizard which is rapidly making up his 
mind to become a bird. These particulars, and a dissertation on coral 
islands, make up the body of an interesting lecture, which fails, how- 
ever, to warm the audience into enthusiasm. Perhaps people don’t 
eare for coral islands, or mayhap, to parcdy a line of Mr. Bret Harte 
— the pterodactyles played out.” 

On another raw afternoon, about & p.m, I betake myself to 
Albemarle Street, and become the spectator of a widely-different 
scene. The theatre is already full of eager visitors and thirsters after 
science, when clucidated by those brilliant experiments which excite 
the admiration and envy of Prof. Tyndall’s imitators—I had almost 
written rivals, forgetting that in this country, and in his own par- 
ticular line of physical demonstration, Dr. John Tyndall, F. R.S., 
philosopher and cragsman, has no rival, At a three-o’clock lecture 
many ladies are, of course, present, in all the variety of gorgeous 
array at present infashion, for, however severe may be the mental 
attributes of these fair students of physical science, no sternness is ever 
visible in their outward appearanee, Pending the arrival of the Pro- 
fessor of Natural Philosophy, these young ladies are chatting pleasantly 
among themselves. Are they talking science, I wonder, or discussing 
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the merits of the Leonardo da Vinci hat, or the grace and style commu- 
nicated by the Norwegian waist-belt, with all sorts of turnip watches 
and other quaint odds and ends dangling from it? Do they know 
much about liqnids and gases, or have they come to learn? Verily, I 
know not. The well-known lecture-table is covered with apparatus, 
and a huge bath-tub occupies a considerable space. Mr. Cottrell, the 
laboratory assistant, is very busy, till, punctual to the stroke of 
three, a tall, slender man, of undeniably Scottish aspect, steps to his 
place behind the lecture-table, and a murmur of applause proclaims 
the satisfaction of the audience at the arrival of the successor of 
Faraday. The lecture, interesting in itself, is rendered doubly so by 
numerous and beautiful experiments, which succeed with infallible 
certainty. Perhaps the Isteners to Prof. Tyndall are accustomed to 
sce his experiments “ come off” in this way, but the traveler in search 
of science often sees experiments—chemical, physical, and others— 
break down with provoking perversity. No approach to any thing 
like failure occurs to-day, and the applause is great on the light- 
carrying power of water being demonstrated by an experiment of 
singular beauty. The prescribed hour appears unnaturally short when 
the clock strikes, the lecture is closed by a short sentence, and, amid 
a mighty rustling of silks, the audience prepares to depart. For a 
few minutes a talkative crowd blocks up the wide staircase and hall, 
and a sort of scramble takes place for the carriages of which Albe- 
marle Street is full. Fashion takes its departure, and, having laid in 
science enough to last for a week, leaves the professor to enjoy him- 
self in his admirably-appointed laboratory. 

As I wend my way homeward, I reflect on the large amount of 
good solid work that has been done in the laboratories of the Royal 
Tustitution during the last seventy years, and on the effect produced 
by the dissemination of scientific knowledge among the upper classes, 
As a firm believer in the doctrine that all revolutions in taste-must 
take their inception above and gradually percolate through the several 
strata of society, I keenly sympathize with the efforts of the Royal 
Institution toward inoculating a love for scientific investigation. 
Following the example of the sun—which first illumines the moun- 
tain-tops, and later in the day penetrates into the deeper valleys— 
knowledge, striking first on the upper social regions, gradually de- 
scends, until all sorts and conditions of men are irradiated by its 
peaceful light, 


Like its younger sister in Albemarle Street, the Society of Arts is 
a notable instance of that drifting faculty which exercises so great an 
inflnence on all human institutions, Launched with widely-differing 
objects on the stream of events, these societies have in a certain 
measure displaced each other. The Royal Institution, now devoted 
to literature, and in a greater degree to pure science, was originally 
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founded to promote those objects which have been fostered by the 
elder society, which, drifting away from Arr in its highest sense, has 
taken in hand industrial art and appled science. One single eom- 
parison will demonstrate my meaning. In the beginning of the 
century—under the auspices of Count Rumford—the Royal Institu- 
tion undertook to improve the dwellings of the working classes, to 
warm and ventilate workhouses, hospitals, and cottages, and to exibit 
and patronize improvements in the economical consumption of fuel 
and the teaching of culinary science. In the present year the Society 
of Arts, founded originally to encourage young artists, has offered 
premiums for the best kinds of culinary and domestic warming ap- 
paratus, and has directly fostered attempts to instruct the people of 
England in the best methods of preparing food. 

The Society of Arts has now existed for a hundred and twenty 
years, and owes its foundation to Mr. William Shipley, a landseape- 
painter, who, from a “ well-grounded persuasion of the extensive 
utility of the art of drawing to this nation, ereeted the Academy in 
the Strand, opposite to Exeter Change.” By the efforts of this gentle- 
man a meeting was held in 1754 at Rawthmell’s coffee-house, to 
consider the propriety of establishing a “Society for the Encourage- 
ment of Arts, Manufaetures, and Commeree.” 

It was resolved to bestow premiums on a certain number of boys 
and girls, and an advertisement was issued accordingly, The indus- 
trial element, however, was not lost sight of, as, while a number of 
drawing prizes were advertised, premiums were offered for the dis- 
covery of cobalt in England, the growth of madder, and the manu- 
facture of buff leather, The primary object was the encouragement 
of art, but the view taken of the “ polite arts” was a sufficiently wide 
one, inasmuch as the premiums offered under this head were ultimately 
grouped under 196 classes. Many prizes were awarded for drawing, 
and among the recipients was Richard Cosway, who afterward became 
a Royal Academician, and a portrait-painter of repute. It was soon 
found necessary to confine the objects of study to certain models, and, 
as no publie museum or National Gallery then existed, individual col- 
lections, such as that formed by the Duke of Richmond, were selected 
for study. . 

On the consolidation of the Society, the artists of London applied 
for permission to hold an exhibition in the Society’s rooms, This per- 
mission was granted, and exhibitions continued to be held for several 
years. This annual inspeetion of the works of rival artists, who 
formed themselves into separate bodies, excited emulation, directed 
public attention toward their works, and ultimately secured for them 
the royal patronage and protection. These first exhibitions of pictures 
by native artists in the rooms of the Society of Arts may, therefore, be 
regarded as the ovigin of that exhibition of the Royal Academy which 
now forms one of the great events of the London season, 
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While the encouragement of art—pure and simple—thus formed 
the main object of the Society, investigation was directed toward 
many practical subjects related to the central idea, Endeavors were 
made to improve the materials employed by artists, and much atten- 
tion was devoted to the various engraving processes as they gradually 
came into vogue. Wood-engraying, aquatint, and mezzotint, were 
the subject of anxious care, as were improvements in pigments, oils, 
and varnishes. 

Bronze casting and chasing, iron-castings, and artistic metal-work, 
were also encouraged, and at a later date, when Alois Senefelder, an 
actor of Munich, discovered lithography, the new art was first intro- 
duced to this country under the auspices of the Society of Arts. 
Steel engraving was also first taken seriously in hand by Mr. Charles 
Warren, chairman of the Fine Arts Committee, who, at the suggestion 
of Mr, Gill, chairman of the Mechanics Committee, adopted a new 
method of treating stecl plates, Previously to this, many attempts 
had been made to engrave on steel. Albert Durer is said to have 
etched on steel, and there are four plates etched by this artist, impres- 
sions of which exist in the British Museum, and which in all books 
of art are recorded as having been executed on steel. In the attempts 
to revive this art, pieces of saw-blades were selected as the most prom- 
ising material, but these efforts were attended with very little success. 
A Mr. Raimbach then endeavored to engrave on blocks of steel, but 
without achieving any material advance. Mr. Gill now drew the atten- 
tion of Mr. Warren to the method employed at Birmingham in the 
manufacture of ornamental snuffers and other articles of cast-steel. 
The process employed at Birmingham was “to subject the steel, after 
having been rolled into sheets, to the process of decarbonization, by 
means of which it was converted to a very pure soft iron, being then 
made into the required instrument or other article. The ornamental 
work is engraved or impressed on the soft metallic surface, which, by 
cementation with proper materials, is again converted superficially into 
steel. Mr. Warren modified this process, and obtained thin plates of 
steel capable of being acted upon by acids and cut with the graver, 
without destroying the cutting edge of the tool—as was the case with 
the saw-blades. The resulting plate yielded a greatly-increased num- 
ber of impressions.” When brought to perfeetion, steel plates were 
found equal to the production of ten or twelve times the number of 
impressions yielded by copper plates. Capital was invested in the 
production of works of a high class, with the effect of spreading far 
and wide through the country myriads of prints calculated to elevate 
and improve the taste of the people. This process of conversion and 
reconversion of steel was soon afterward applied by Perkins to the 
production of steel rollers. These were first softened and then pressed 
into the engraved surface of a hardened steel block, and having ac. 
quired a design in relief were themselves hardened in their turn, and 
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by being applied to softened steel plates produced almost indefinite 
multiplication of the original engraved plate. For ecommereial pur- 
poses this invention proved of immense value in the production of 
bank-notes, receipts, and postage-stamps. 

To ignore the exertions of the Society of Arts in the direction of 
agriculture, and especially arboriculture, would be to omit an impor- 
tant page in its history. The introduction of new varieties of grasses 
and roots was sedulously eneouraged, while drill-ploughs, the drainage 
of land, root-slicers, ehaff-cutters, scarifiers, reaping-machines, and 
means of harvesting hay and corn in wet seasons, were all subjects of 
premiums. Big things and little things came in for their share of 
attention, In the early days of the Society sheep were marked with 
tar, to the great loss of wool-growers. The Society sought strenn- 
ously to modify and improve the mode of marking sheep, and mean- 
while instituted a crusade against that bold invader, the Norway rat, 
who had recently overrun the country. 

The preservation of timber was an object of earnest solicitude. 
In this age, when eoal has efiectually displaced wood as a heat-pro- 
dueer, and iron has been successfully applied to the construction of 
houses and ships, it is difficult to realize the anxiety of owr forefathers 
at seeing whole forests destroyed for smelting purposes. For a long 
time past the work of destruction had been going on, when the Society 
of Arts stepped in to advocate the planting of trees on a large scale. 
The production of oak was a special object of the Society’s attention, 
the planting of acorns was carried on to avery large extent, and gold 
medals for raising that description of timber were awarded to many 
noblemen and gentlemen, among whom were the Earl of Wilton, the 
Marquis of Tichfield, Mr. Morse, Mr. Curwen, and others, The culti- 
vation of the ash—for which the Bishop of Llandaff received a gold 
medal—of the Scotch fir and larch, and of fruit-trees generally, re- 
ceived active encouragement. Under the auspices of the Society 
millions of trees were planted, to the enrichment and adornment of 
many previously-barreu slopes. It is worthy of remark that to a neg- 
lect of these precautions is assigned an actual change of the climatic 
conditions of parts of Italy, and that the reduction of the Arno to an 
insignificant stream is ascribed to the reckless denudation of the moun- 
tains among which that historic river takes its rise. Travelers in 
Switzerland also have not failed to observe in the side valleys many 
relics of ancient mines, deserted, at last, because all the wood within 
carrying distance had been recklessly destroyed without any attempt 
being made to replace it by planting. 

Considerable effort was devoted to encouraging the introduction 
and culture of spices into the British possessions. The cinnamon-tree 
was introduced into Jamaica; the nutmeg-plant into St. Vincent; the 
clove-tree into Trinidad; the mango and the bread-fruit tree were also 
planted in the West Indies. Attention was also directed toward such 
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imports as were capable of discovery, manufacture, and culture, at 
home. 

Cobalt was discovered in Cornwall; buff leather and its manufact_ 
ure improved ; copper and brass vessels were tinned; and hemp, flax, 
and madder, were cultivated for the use of our manufacturers, “ Saw-. 
mills were built; our fish-supply improved; and the curing of' fish 
encouraged, Upon the fish-trade alone the Society expended many 
thousands of pounds, and sueeeeded in establishing a regular supply 
to the London markets.” 

Dnring the greater part of its career the Soeiety thus addressed 
itself to the task of fostering the useful arts. One condition, how- 
ever, was, in the early days of the Society, rigidly insisted unon, The 
inventor who sought to obtain recognition of his discovery was obliged 
to forego the idea of patenting his work. What was given to the 
world by the assistance of the Society of Arts was to be given freely 
and openly for the benefit of all, Although this principle would find 
many and eloquent advocates at the present day, a period intervened 
during which it was found necessary to make concessions to patentees, 
The introduction of steam as a motive power led to a sudden and 
immense development of meehanical ingenuity, and swelled the pros- 
pective reward of a suecessful inventor to such large proportions that 
it was no longer probable that men would work for honor and glory 
alone, Eventually patentces were permitted to read papers before the 
Society of Arts, which, during the greater part of a century, continued 
to take an active interest in advancing the interests of science, and in 
affording aid and countenanee to the other societies of less catholic 
tendeneies, which sprang rapidly into existence. As has been already 
pointed ont, the Royal Academy in its youth owed much to the Society 
of Arts; and it is worthy of note that, not only was the first exhibition 
of the works of rival artists held in the Soeiety’s rooms, but the first 
collection of photographs exhibited there in 1853, The Soeiety still 
maintains a liberal tone, and is generous enough to grant the use of 
its handsome room to many societies for the purpose of holding their 
various meetings. 

If the Society in the Adelphi merit a place of honor as a promoter 
of other societies, still more does it demand notice as the mother of 
exhibitions. Its exhibitional maternity was shown in this wise: In 
the year 1841 the Society of Arts, like many other originally active 
bodies, had shown signs of falling into deerepitude. For many of the 
purposes for which it was originally established, its office had been 
filled by other institutions, which, being less expansive in their views, 
appeared likely to act toward the mother-society like young ducks 
hatched by a barn-door hen, and to take to the stream of the future 
without eonsulting the feelings of their foster-parent. The Society 
was obviously falling into the sere and yellow leaf, and it was clear 
that something had to he done to rejuvenate it, A committee was 
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appointed to revise the working of the Society, and that body recom- 
mended that a council to manage the affairs of the Society should be 
instituted. The committee in its report also gave expression to the 
conviction that “the Society cannot continue to exist on the plan of 
proceeding which is at present pursued,” and that “the object of the 
Society is the promotion of the useful arts rather than the personal 
gratification of the members.” It was further recommended that six 
committees should be established, of five members each, and many 
other valuable pieces of advice were tendered, but nothing came of all 
this for the time being. At length, however, measures were taken for 
obtaining a royal charter of incorporation, finally granted in 1847, and 
in the mean time it was proposed that an exhibition of English indus- 
try, analogous to those held abroad, should be instituted. The first 
action taken in this direction was an offer of special prizes for articles 
of manufacture, and a special fund was obtained for this purpose by 
private subscription. It was deemed necessary to stimulate the makers 
of English pottery to efforts toward an artistic combination of form 
and color. A committee of artists was appointed to adjudge the prize 
for a tea-service, and this was awarded to a set designed by “ Felix 
Summerly,” and manufactured by Messrs. Minton. The identity of 
“Felix Summerly ” was then disclosed, and the Socicty’s silver medal 
was presented to Mr. Henry Cole (who has since received the Com- 
panionship of the Bath), on the 12th of June, 1846. From this date a 
notable change came over the constitution of the Society. Yearly 
exhibitions were held. It is true that these were of a sectional char- 
acter, and only proposed to illustrate certain branches of English 
industry; but it is not the less true that they were the immediate 
precursors of the great Exhibition of 1851. Prizes for modern indus- 
trial art were offered, and were eagerly competed for. Manufactures 
and artistic productions were got together at great expenditure of 
cash and industry, with the effect of rapidly increasing the number of 
members. In 1847 the members of the Society numbered scarcely five 
hundred; but within three years these numbers had tripled. But, in 
1849, there were “croakers” inthe camp. Not a few of the ruling 
spirits were inclined to “look back from the plough.” As an instance 
of this may be quoted a recommendation of the Finance Committee 
of 1849, that “the exhibitions be discontinued,” and another, passed 
in December of the same year, that “it is expedient to reconsider the 
policy of an Art Manufacture Exhibition in the year 1850.” But the 
advanced spirits of the Society were not to be balked. Against the 
council of the ancients a formidable opposition was organized. Mr. 
Cole resigned his seat on the council, and, biding his time till the gen- 
eral meeting, effected a noteworthy coup @état. On election-day the 
reactionary party were ousted by an immense majority, and an en- 
tirely new council elected. The Exhibition of Ancient and Medieval 
Art was duly held, and resulted in a splendid success, and a com- 
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plete revolution of the financial condition of the association. In 1850 
the debts of the Society amounted to £2,402, an amount that was re- 
duced in 1851 to £1,696, since when the Society has become not only 
solvent, but possessed of a large accumulation of capital, which—in 
the opinion of many of the members, now amounting to over 3,000—it 
is somewhat chary in dispensing. This great storm, which completely 
altered the condition of the Society of Arts, and cuhninated in the 
Great Exhibition of 1851, can thus be distinetly traced to Mr, Felix 
Summerly’s “teacup.” 

The merit of initiating the idea of an international exhibition has 
been often warmly contested, but there is no longer any doubt that 
the original proposition was made to the committee of the Society of 
Arts in 1844, by Sir William Fothergill Cooke. There is no question 
that the idea of this gentleman was clearly that of an international 
exhibition, at that time declined by the committee of the Society of 
Arts, but at a later period adopted by that body with the sanetion 
and codperation of the late prince consort. 

In the month of June, 1849, the seeretary, Mr. J. Scott Russell, 
stated at the annual meeting, in the presence of the late prince con- 
sort, that, owing to the yearly increasing suecess of the Society’s 
exhibition, the council had no doubt of their being able to carry out 
the plan originally proposed for holding a great national exhibition 
of the products of British industry in 1851. This statement led to 
frequent communications between his royal highness the president 
and various members, with the ultimate result of expanding the plan 
to international dimensions, The prinee consort, as president of the 
Society, bronght the scheme officially under the notice of the Govern- 
ment; but in the mean while the Society of Arts was not idle, and had 
already entered into a contract for building a convenient edifice, when 
a royal commission was issued, Mr, Scott Russell and Mr. (now Sir) 
Stafford Northeote were appointed seeretaries. An executive com- 
mittee was formed, consisting of “ Henry Cole, Charles Wentworth 
Dilke the younger, George Drew, Francis Fuller, and Robert Stephen- 
son, with Matthew Digby Watt as seeretary.” Meanwhile the So- 
eiety of Arts had organized the financial arrangements necessary for 
carrying out the scheme, but the immediate connection of the Society 
with the exhibition now came to an end; the child had outgrown its 
nurse, and required nothing short of a royal commission to manage it. 
How well the Exhibition of 1851 was managed, and how, after the final 
adjustment of accounts, a surplus of £186,438 18s. 6d. remained in 
hand, are now matters of history, as well as the expenditure of that 
sum as part of the money devoted to the purehase and development 
of the Gore House estate. 

Sinee the launching of the Great Exhibition, the Society of Arts has 
done much good work in promoting industrial art and encouraging 
inventive genius. It is true that much of its work has been taken out 
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of its hands by the socicties and museums to which it has given rise. 
Among these is the Photographic Society, whose inception was due to 
the exhibition organized by Dr, Diamond. The South Kensington 
Museum itself may be fairly regarded as an offshoot of the Mediwyal 
Exhibition, while the Government Department of Seience and Art is 
directly descended from the parent body. But the mission of the So- 
ciety is not to repose on its laurels. It comes to the fore with a formi- 
dable list of premiums, at the head of which is a series of gold medals 
and prizes of £50 forimproved cooking and warming apparatus ; £500 
are devoted to this purpose, and have been placed at the disposal of 
the Society by a single member. A large number of prizes in money, 
and many gold and silver medals, are also offered to inventors, Much 
interest is excited at the present moment concerning the award of the 
Albert Gold Medal, a prize established in memory of the late prince 
consort, to reward “distinguished merit in promoting arts, manufact- 
ures, or commerce.” This medal was first presented in 1864, to Sir 
Rowland Hill, i. C. B., in 1865 to the late Emperor of the French, 
and in 1866 to Faraday. Since then, this distinguishing mark of the 
Society’s appreciation has been conferred on Wheatstone, Whitworth, 
Liebig, Henry Cole, Henry Bessemer, and has this year been awarded 
by the council to Dr. C. W. Siemens, “ for his researches in connection 
with the Jaws of heat, and the practical applications of them to fur- 
naces used in the arts; and for his improvements in the manufacture 
of iron; and generally for the services rendered by him in connection 
with economization of fuel in its various applications to manufactures 
and the arts.” 

For some years the Society’s examinations, conducted through 
local institutions abont the country, have assisted the spread of gen- 
eral education, and, now that this work is being more completely exe- 
cuted by the university local examinations, the Society has set on foot 
a scheme of technological examinations, which it is hoped may bear 
good fruit. 


THE FIRST TRACES OF MAN IN EUROPE. 
By Pror, ALBRECHT MUELLER. 


TRANSLATED FROM THE GERMAN, BY PROF, JOSEPM MILLIKIN. 


I. 
N a fine contrasting of Europe’s wealth of historie memorials with 
his own country’s yet new civilization, Washington Irving says 
of the former country, “Its every stone is a chronicle.” 
The remark is true, applied, as he meant it to be, to our older cities 
with their ancient edifices and defenses. But, belonging toa yet re- 
moter past, are the remains of Roman and Celtic arts and architecture; 
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and in the pile-dwellings of our lakes and peat-beds we have relics of 
the Stone and Bronze eras, the beginnings of which lie beyond the reach 
of even tradition, 

Nor is the limit yet attained. Thanks to the discoveries of the 
past few decades, we trace the existence of man back to a point ante- 
dating our earliest history by we know not how many centnries. Of 
this time, only a few bones and rudely-wrought stones are left as the 
witnesses—dumb, yet eloquent, and fulfilling in their way the saying, 
“Tf men hold their peace, the very stones will ery out.” 

The question was long sinee raised, whether traces of human exist- 
ence liad been, or were to be, found in the sand and gravel of the Post- 
Tertiary or Diluvial period, which immediately preceded the present. 
Some aflirmed the finding of such remains in these, and the contempo- 
raneous deposits of certain caves, while most geologists rejected such 
statements as erroneous, or, at best, unauthenticated, plausibly urging 
that aneient animal and recent human remains might easily have be- 
come intermingled. And such researches were discredited and dis- 
couraged by Cuvier’s magisterial dictum, that man did not exist in 
the Diluvial period, and that it was, therefore, vain to look for evi- 
dences of his existence. 

Some twenty years ago, however, M. Boucher de Perthes discoy- 
ered a quantity of rude stone implements in the diluvial gravel-beds 
of Abbeville, in the valley of the Somme, in intimate connection with 
bones of mammoths. This diseovery attracting much attention, in 
1858 the French Academy of Sciences sent to the spot a committee of 
investigation, composed, be it not forgotten, of men utterly skeptical 
as to the fact at issue. This committee, strengthened by the accession 
of several English geologists, worked long and carefully at its task, 
and the Aeademy’s discussions npon its reports were earnest and thor- 
ough; yet, the result was the eomplete confirmation of De Perthe’s 
reputed discoveries, and of the conclusions he had drawn therefrom. 
Cuvier was confuted ; the existence of man in the Diluvial period was 
established, Similar discoveries in the open country and eaves of 
Germany, Spain, Italy, England, Belgium, and especially France, fol- 
lowed in rapid suecession, 

We cannot mention, much less describe, all the localities in whieh 
lave been found the closely-conjoined remains of man and of animals, 
confessedly belonging to the drift or Diluvial period. We shall dis- 
cuss only a few of the many cases, of which we may safely affirm that 
the often casy and common mingling of ancient with recent remains 
could not have oceurred, ‘To do this the more intelligently, we shall 
speak briefly first of the characteristics and deposits of the Diluvial and 
later prehistoric periods, and then of the human remains therein found. 


Tue Derr or DitvviaL Deposirs.—The bottom-lands of our new 
valleys, of the Rhine, for example, chiefly consist of widely-extended 
YOL. VI.—43 
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deposits of loam, sand, gravel, and rocks, evidently brought from con- 
siderable distances by some vast current that once covered the low- 
lands, and even fesser hills; for, in the Rhine Valley this surface- 
layer is found at elevations of 300 to 600 feet above the present river- 
level. The bowlders are of various rocks that are not native to this 
region, but are found in the Juras, the mountains of the Black Forest, 
the Vosges, and especially the Alps, of whose mass these constitute a 
large proportion, A similar drift is found over the wide, rolling 
country between the Juras and the Alps, and indeed over nearly all 
the lowlands and valleys of Europe and the world, From the er- 
roneous, but once universal belief, that it was produced by the Noa- 
chian Deluge, or the all-submerging flood of which the Sagas of so 
many nations are full, this deposit was early named the diluvium, or 
diluvial deposit. It consists, according to this view, of the detritus 
from mountain ranges, transported and scattered -broadeast over lower 
levels by the Deluge. 

This latest of geological formations rests upon the upper strata of 
the Tertiary, when they are present. In the Rhine Valley, however, 
it covers the Miocene or middle Tertiary ; and in other regions, the 
chatk, the Jurassic, or even older formations. Upon the diluvinm it- 
self are built most of onr cities, and in it will most of us be buried, 
The melted snows, the rains, and the waters of our streams, penetrate 
through its loose layers until the more impervious underlying clays 
(mostly Tertiary) arrest and hold them in readiness to supply our 
daily needs. The diluvium seldom yields much that is of mineral or 
industrial value, exeept the material of our tiles, brick, and mortar, 
In California, Brazil, Australia, and the Ural Mountains, however, its 
gravels are rich in gold, platinum, and jewels of various sorts, and in 
some loealities tin-ores are found in it. 

Geologists have been long occupied with the study of the producing 
eauses of those vast floods, the effects of which are so strikingly seen 
in the pebbly plains and terraces of our river-valleys, and in the layers 
of sand and loam upon our uplands and hills, That there once were 
there masses of flowing water-eurrents, like, yet far vaster than, our 
present rivers, cannot be intelligently doubted. The absence of marine 
shells and the universal abundance of the remains of land-animals in 
the deposits in discussion forbid the belief that the sea covered our 
own and the adjacent continents during this latest of geological eras. 

All the hypotheses advanced in explanation of the phenomena we 
have mentioned eannot be here addueed; we ean only say that the 
great majority of recent geologists agree and assert that these im- 
mense streams were chiefly produced by the melting of snows and 
glaciers, that must then have extended not merely from the Alps and 
Pyrenees, as at present, but from the north, southward over a large 
portion of Europe; even the smaller ranges, such as the Vosges and 
Black Forest, then having each its glacier system. 
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Strongly in favor of this view are the erratic bowlders and blocks 
of stone, and the heaps and ridges of drift, so widely scattered over the 
mountains, plains, and valleys of Europe and North America, precisely 
similar as they are to those left by the retreat of the glaciers at the 
present time, And then, as now happens, the melting of floating ice- 
berys, that were detached from the foot of glaciers as they reached the 
coast, strewed the ocean-bed with stones, gravel, and mud. The wide 
plains of Northern Germany are abundant in rocks and gravel from 
Scandinavia and Finland, for example. Our surface-deposits, there- 
fore, are simply the detritus and déris of mountain-regions, trans- 
ported thence by glaciers, and spread over our lower levels by the 
rivers that the melting of these glaciers produced. 

This theory was first detinitely propounded by Veuetz, and ha® 
since been developed and verified by Charpentier, Agassiz, Forbes, 
and many others. Many geologists have opposed it from the first, 
but it may now be regarded as of practically universal acceptance, and 
as gaining constant confirmation from the mmmense number of facts 
annually observed and published, 

The glacial theory implies the former prevalence in Europe and 
North America of a climate marked by much snow and rain, as well 
as ice; and this is confirmed by the characteristics of the fauna and 
flora of the time.’ In addition to the waters produced by the melting 
of glacial masses then covering so large a portion of the Northern 
Hemisphere, the very great rainfall incident to such a climate would 
swell the volume of the great currents of the period—eurreuts not of 
transient flow like mere mountain-torrents, or our local freshets, but 
that swept on for centuries or millenninms. Minor additional inunda- 
tions, also, wonld result from risings and subsidences of the earth’s 
surface in given localities, from the damming of the waters in the val- 
leys by glaciers and avalanches, from the sudden emptying of monn- 
tain-lakes thus formed, and possibly from earthquakes. It is to these 
various causes that we may attribute the washing out of the lower ter- 
races of our present river-valleys. 

The great currents by which we explain the varions phenomena of 
the drift are due to the glaciers of this Ice period, then ; and this sug- 
gests the further question, What produced the Ice period itself, the 
long-prevailing low temperature of regions bow warm or temperate ? 
A vast array of observations commends to the attention the following 
answer: 

There was then a distribution of land and water upon the earth 
very different from the present, and, as the result of it, a different sys- 
tem and direction to the currents of the sea and air. And there are 


? Prof. Oswald Heer has given, in his “ Urwelt der Schweiz,” a description, at once 


scientific and entertaining, of the Swiss fauna and flora of the Drift period. In his valu- 
able studies upon the diluvial flora, Count Gaston de Saporta concludes in favor of 4 
climate in this period marked rather by extreme moisture than by cxtreme cold. 
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influences by which the climate of a given region is vastly controlled ; 
that is, it is to the warmth of the waters of the Gulf Stream that the 
present mildness of the climate of the islands and coast-countries of 
Northern Europe is owing. 

Adhemar has not been without followers, indeed, in the attempt to 
prove that the low temperature of the Ice period was due to astronomi- 
cal rather than terrestrial causes—namely, to the change, in periods 
of 21,000 years, of the obliquity of the earth’s axis to its orbit, and the 
still slower change in the eccentricity of that orbit itself. From the 
codperation of these two canses, it is said the winters of either hemi- 
sphere would become longer and the summers shorter, and vice versa ; 
and so on, in alternate periods, For example, the earth’s axis reached 
the position most favorable to the climate of the Northern Hemisphere 
in A.D, 1248, since which time we have been advancing toward a new 
Ice period; whereas, antarctic regions theu passed the point of great- 
est intensity of cold. Even the relative distribution of land and sea, 
itis affirmed, would be changed by these alternating accumulations 
and diminutions at either pole. To all this, we can here merely reply 
that if these astronomical facts have any intluence whatever upon the 
earth’s climate, we are wholly ignorant as to its amount; and since 
Ilerschel’s time astronomers have been disinclined to ascribe to them 
any considerable share in the production of climatic variations.’ 

But there is abundant evidence that during the Drift period there 
took place extensive and considerable elevations and subsidences of 
the earth’s surface, Such elevations are still going on, as witness the 
rise of the coast-terraces of Scotland, Sweden, Norway, Sardinia, 
Sicily, and other lands, to a height far above the present sea-level. 
Confusion here is easy, however, and it must not be forgotten that the 
retreat of the shore-line would be apparently and practically an emer- 
zence of the land, although the latter remained fixed all the time; and 
curiously, apparent encroachments of the sea npon the shore may be 
an actual subsidence of the shore itself. 

A study of the drift deposits, and the organic remains found therein, 
compels the belief that at one part of that period the lowlands of En- 
rope—i. e., Nolland, the plains of Northern Germany, and parts of 
Russia, Great Britain, Denmark, Sweden, and Norway—were covered 
by the North and Baltic Seas, which, thus united and enlarged, ex- 
tended southward through Russia and Siberia, and possibly connected 
the Black and Caspian Seas. The Desert of Sahara was also under 
water, as Desor and Escher show. The shells of marine species yet 
mostly extant, now found in the extensive lowlands of North America, 
show these also to have been submerged. 

{In an earlier epoch of the Dilnvial period, however, that is, previons 

' The scientific reader need not be informed that though Adhemar is not followed as to 


all details, many of the best modern (especially English) scientists agree in ascribing a prom- 
inent influence to these astronomieal factors in the produetion of climate. —TRANSLATOR. 
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to the time of the above-mentioned submergence of so much of Europe, 
the countries mentioned were so high above the sea-level of the time 
that the bottom not only of the Straits of Dover but of a large portion 
of the North and Baltic Seas was dry ground. These waters have a 
depth even now of only some 200 feet—rarely of 250 feet—so that an 
elevation geologically very slight would expose the bottom of these 
shallow seas. So Ireland was then connected with Great Britain, and 
the latter with France; while Africa and Europe were joined by 
bridges of land, so to speak, e. g., by way of Gibraltar, and again by 
way of Sicily and Malta. As a natural result aud confirmation of the 
latter instance, we find on these islands and the contiguous main-lands 
the remains of mammals peculiarly African, especially certain species 
of elephants. These strips of dry land divided the Mediterranean into 
several inland seas. If man existed in that remote epoch, as many 
arguments tend to prove, he could cross dry-shod between Africa and 
Europe, as did the animals just mentioned, and was a witness of a 
distribution of land and water in Europe and adjacent lands widely 
different from that of our day, There was also going on about him 
and beneath his feet the slow rising and sinking of vast continental 
and insular territories—processes requiring thousands of years for 
their accomplishment—and, if man’s existence during them be admit- 
ted, constituting another proof of the great antiquity of the race. 

It is to these slowly-effected but most important alterations in both 
the contour and relief of the surface that we must aseribe the great 
changes of the climate, not alone of separate localities, but of entire 
continents ; and this conclusion we will finally use in explanation of 
the varied phenomena of the Ice period, with which we have specially 
to do. The Ice period, we have said; but, without attaching much 
importance to the astronomical influences previously mentioned, we 
are compelled to believe in a succession of Ice periods, the evidences 
of which are believed to be furnished in the several series of deposits 
that are assigned to corresponding epochs. 

During the latter portion of the Diluvial period the earth acquired 
substantially the same relief as it has at present. The chief mountain- 
ranges, the Juras, the Vosges, the Black Forest, the Pyrenees, the 
Alps, ete., were then about what they are now, though somewhat 
higher relatively both to the sea-level and to the subjacent plains; for, 
by the operation of various natural forces, peak after peak has been 
either shattered and cast down, or slowly worn away, and their dédris, 
carried down in the form of sand, gravel, or larger masses, have grad- 
ually but considerably raised the level of the valleys and plains. 

We now proceed to consider the several subdivisions of the Diluvial 
and the Post-diluvial but prehistoric periods, and the traces of human 
existence belonging to each, 


1. Tue AcE or Mamsotus.—The loéss, the layer of calcareous 
loam, sand, and gravel, with which our hills are covered, is full of the 
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shells of small land-snails, mostly extinet in this region,’ though yet 
extant in high mountain-regions, So abundant are they as to give to 
this soil the popular name of “snail-shell soil.” The preservation of 
animal and vegetable remains in the gravelly deposits of our lowlands 
is naturally rare, comparatively, they being, for the most part, soon 
destroyed‘in beds so loose and permeable by air and water. And yet 
in Germany, France, Belgium, England, Switzerland, and other parts 
of Europe, there are found, in this very formation, the bones and teeth 
of mammals, mostly of long-extinet species, the nearest congeners of 
which are now native either to Africa and Asia, or else to the colder 
parts of Northern Europe and America, and the higher Alps and Pyr- 
ences. Bones of these same species, and hence of the same geological 
era, are found in numerons caves as well; some species, indeed, being 
almost wholly thus preserved. Among the better known of these eaves 
we may cite those of the Suabian and Franconian Juras, and the 
Gailenreuther Cave, from whieh nearly every important cabinet of 
Europe has been enriched. 

Prominent among the buried mammals of the drift are the mam- 
moth (Hephas primogenius), the immense teeth and tusks of which 
are so often exposed by our river-currents, and during exeayations for 
buildings, besides the many entire careasses found in the ice and 
frozen soil of Siberia. Iu many of these latter cases, the skin, the hair 
proper, a reddish-brown, long, hairy wool, and a mane still longer, are 
kept in perfect preservation. The latest discovered-of these was vis- 
ited by the naturalist Schmidt, but the wild beasts had anticipated 
his coming, and devoured, most of the flesh, Middendorf estimates 
the number found in that region at several thousands, Their tusks— 
considerably curved, and eight to ten fect in length—are in quantities 
still sufficient to be the staple of a not inconsiderable trade in ivory. 
Brandt believes the mammoth to have been somewhat larger than the 
Kast Indian elephant of to-day, with tusks of much greater curvature. 

Next in size to the mammoth was a rhinoceros, characterized by 
two horns and an osseous nasal septum (2Atnoceros tichorhinus), Its 
teeth are often met with, and, some fifteen years ago, an almost entire 
and perfectly preserved carcass was found in the ice on the river Wil- 
ni in Siberia.’ 

Equally abundant with the remains of these two are those of the 
cave-bear ( Ursus spelceus), which was about the match in size of the 
polar bear, It is found in the drift of the open country, and in the 
cayes of the same age. 

The peat-beds of Ireland yield entire skeletons of the giant-elk 


1 The reference is to the author’s own picture of the Uppcr Rhine Valley, of course.— 
TRANSLATOR. 

? Dana (‘‘ Manual of Geology,” American edition of 1863, page 561) mentions a simi- 
lar discovery in 1772, in the same locality. This specics of the rhinoceros, like the 
mammoth, was protected by long, woolly hair.—Trans. 
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(Cervus ungaceros or C. Hibernicus), the ten or twelve foot span of 
whose antlers must have put him to great disadvantage, ard so proved 
one of the causes of his extinction. 

Then comes the primitive ox (Bos primogenius), generally regarded 
as the progenitor of our present race of cattle, and found running wild 
in the forests of Germany ag late as Ceesar’s time. 

The hippopotamus, found mostly in Italy and the south of France, 
is more rare. It is clearly allied to the species that now inhabit the 
tropics. 

Remains of the cave-tiger or cave-lion (Felis spelea)' have recently 
been found in various localities, though formerly but rarely. 

Very significant as to the climate of Europe in this age is the 
presence of such species as the reindeer, musk-ox, and lemming,’ which 
now inhabit only high northern latitudes, and of other species which 
are now peculiar to the moister heights of the Alps, e. g., the chamois, 
mountain-goat, and marmot. These were all once native to our plains 
and uplands. 

The North American and European mammals of this period are 
very nearly identieal. In place of and sométimes in addition to the 
mammoth, however, America had the equally immense mastodon 
(Mastodon giganteus or Ohioticus). Six almost perfect skeletons of it 
were discovered in Warren County, in Western New York, in 1845.° 
Their rude study of its remains suggested to the North American In- 
dians the name of “ Father of Buffaloes.” The entire genus is wanting 
in the Diluvinm of Europe, though several of its smaller species are 
represented in the Tertiary. 

So far as is yet known, these are the most important contempora- 
ries of primeval man in Europe. They are his competitors and ene- 
mies in the “struggle for existence,’ to meet which he must needs 
have had all his powers of body and of mind. 

Now, it is important to remember that we find both these extinct 
animals’ remains and man’s bones and implements in the same deposits 
and caves of the Diluvial period; that is, that these animal and these 
hnman relies were contemporaneons, first as to their deposition, and 


? The most recent studies ally it rather to the tiger than to the lion family. 

2 The Lapland or Norwegian marmot (.\/yodes lemmus and AM. torquatus,}—TRans. 

’The author has fallen into confusion, certainly, as to localities, and probably as to 
facts: 1, Warren County, New York, is in the east-northeast part of the State; 2. I have 
searched vainly for mention of precisely such a discovery as the text describes. In 1844, 
and in Warren County, New Jersey, was found the skeleton of the young female mastodon 
now at Ca:nbridge, Mass., with the skulls of four others. 

Three perfect skeletons were afterward dug from swamps near Newburg, New York, 
and described by Dr. Warren in his splendid work, “ The Mastodon Giganteus of North 
America,” (second edition, Boston, 4to, 1855). These are the richest “finds” of which 
I have been able to find any account. 

On the distinction between the mammoth and the mastodon, and their several species, 
characteristics, remains, and place in paleontology, and Indian legends, see a capital 
article in the American Naturalist,” vol. ii, pp. 28, e¢ seg.—Trans, 


680 THE POPULAR SCIENCE MONTHLY. 


secondly as to their unearthing aud exposure to our observation, And 
how rapidly one such discovery follows another may be partly inferred 
from the fact that some years since a magazine’ was founded in Paris, 
devoted to this special topic; many courses of lectures upon it were 
delivered in the various cities of Europe; and for some years inter- 
uational congresses have been annually held, and societies and pe- 
riodieals established, for the discussion of it and cognate subjects. 
The literature of the subject is already voluminous. 

Let us revert to M. Boueher de Perthes’s discoveries in the drift 
of the Somme Valley. Begun in 1841, they were described by him in 
a work published in 1847—a work then too little appreciated. But 
when, in 1858, and in the same locality, he discovered a human skull 
and various stone implements, in intimate association with remains of 
the various animals of that period, the attention of the French Acade- 
my was aroused, and the study of historical geology received a new 
impetus. Some, indeed, see in the discovery of De Perthes only a 
cheat, or at best a mistake, and doubt the antiquity of this skull and 
its contemporaneousness with the animals found with it. The entire 
collection is proved to be of the same age, however, by the whole 
manner of the intermingling of human skulls, flint knives of unmis- 
takable human workmanship, and animal remains; and the genuine- 
ness of De Perthes’s discoveries and the validity of the inferences 
drawn from them are confirmed by many similar ones made since 
then in localities widely separated, both from that in which he worked 
and from each other. 

What we said of the preservation of animal remains we repeat as 
applicable, in an even higher degree, to that of human remains, in dé- 
bris so found; it is possible only as the result of a conjunction of 
favoring circumstances that must be comparatively very rare, And yet 
many such instances are on record. As early as 1825, Ami Boul, from 
the loéss of the Lahr region in the Breisgau, discovered a human 
skeleton, and two years afterward a human skull,’ with bones of the 
mammoth and other diluvial animals, from the loéss at Eguisheim, 
near Colmar, The study of the deposit in which the latter of these two 
discoveries was made, with the relative positions of the remains them- 
selves, and the chemical analyses of them by Dr. Scheurer-Kestner, of 
Thann, leave no room for doubt that the man and the animals were 
synchronous, both in life and in the deposition of their remains. 

And many localities yield human bones and implements mingled 
with remains of diluvial animals, especially of the mammoth, the 
rhinoceros of the species previously described, and the cave-bear, 
Especially rich in these combined relics are caves of Lenu and Som- 
brive, in the department of Ariége, France, and of Engihoul and 
Engis, near Luttich (Liege), Belgium, Thecontents of the latter two 


1 Matériaux pour servir a Uhistoire de Vhomme, 
2 Elaborately deseribed by Dr, Fandel, of Colmar. 
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eaves were described by Schmerling, in his admirable but neglected 
works, some thirty-five years ago. 

The Neanderthal cave? hus become eelebrated. An entire human 
skeleton of good size and proportions, save its ape-like, low-browed 
skull, was diseovered here in 1856,’ a full account of whieh was given 
by Dr. Fuhlrott. This discovery, since become tle occasion of so 
much discussion, indicates quite clearly the existence in that remote 
period of a raee of men of marked characteristies, and in some peculi- 
arities closely resembling certain now-living Australian tribes. The 
skull is not nearly of so high a type as that from the Engis cave just 
mentioned, 

Of exeeptional interest, also, is the burial-place at Aurignac, in the 
department of Haute-Garonne, in Southern France. It was acei- 
dentally discovered in 1852, but first scieutifieally deseribed in 1861, 
by Lartet. There, in a cave closed by a vertical slab of stone, which 
was itself hidden by accumulated stone fragments dropped from the 
clif above, were found no less than seventeen human skeletons, mingled 
with bones of the cave-bear, eave-lion, mammoth, rhinoeeros, giant-elk, 
and other now-extinet diluvial animals, weapons of wrought-flint and 
implements of bone, stag’s-horn, and ivory—articles probably buried 
with the dead for use in the life beyond the grave; inthe belief of 
which Sir Charles Lyell, in his work on the “ Antiquity of Man,” quotes 
as pertinent the well-known lines from Schiller’s “ Nadowessian Death- 
Song: ” 

~ “Here bring the last gifts—and with these 

The last lament be said: 
J.et all that pleased, and yet may please, 
Be buried with the dead. 


“ Beneath his head the hatchet hide 
That he so stoutly swung: 
And place the bear’s fat haunch beside— 
The journey henee is long. 


* And let the knife new sharpened be, 
That, on the battle-day, 
Shore with qnick strokes—he took but three— 
The foeman’s scalp away!?’* 


In exact agreement with one of these lines, the thigh-bones of the 
cave-bear were actually found laid beside some of the skeletons of this 
eave. Nota trace of pottery was found here. Under the débris men- 
tioned as lying just outside of the door of the cave were ashes, char- 
coal, and boues of the species found inside, all suggestive of the notion 
that the funeral-feast may have been here celebrated, This heap con- 

1 Near Hochdal, a village on the railroad between Dusseldorf and Elberfeld.—Travs. 


? Lyell gives the date 1857.—Trans, 
3 T have given Sir E. L. Bulwer’s version.—Trays. 
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tained bones of other yet extant animals also, viz., the auroehs,' rein- 
deer, and stag. 

Most of the human relics of any sort have been found in the more 
recent layers of the drift. They have been discovered, however, not 
only in the older drift, but also, thongh very rarely, in the underlying 
Tertiary. For instance, in the upper Pliocene at St.-Prest, near Char- 
tres, were found stone implements and cuttings on bone, in connection 
with relics of a long-extinet elephant (Ziephas meridionalis) that is 
wholly lacking in the drift. During the past two years the evidences 
of human existence in the Tertiary period—i.e., previous to the age 
of mammoths of the Diluvial period—have multiplied, and by their 
multiplication give cumulative confirmation to each other, Even in 
the lower strata of the Miocene (the middle Tertiary) important dis- 
coverics of stone knives and bone-euttings have been made, us at 
Thenay, department of Marne-et-Loire, and Billy, department of 
Allier, France. Prot. J. D, Whitney, the eminent State geologist of 
California, reports similar discoveries there also, So, then, we may 
believe that before the last great upheaval of the Alps and Pyrenees, 
and while the yet luxuriant vegetation of the then (i. e.,in the Tertiary 
period) paradisaic chmate yet adorned Central Europe, man inhabited 
this region. 

Such discoveries relegate the beginning of human life to a time 
the remoteness of which is to be estimated not by years, but by millenni- 
ums. It is of course difficult to even approximate to a date so distant, 
but there is reason to believe it must have been at least 50,000 years 
ago, Even the Indian, Persian, Assyrian, and Egyptian civilizations, 
with their languages, literatures, and achitectural monuments, re- 
quired a long, long time for their development from their rude begin- 
nings, and henee a far longer time for the whole lifetime of that race. 
For a people remains a long time in its primitive condition, and its 
first progress is very slow, as the savage and semi-savage races of to- 
day prove tous. But the progress of a people well endowed being 
begun, it advances with giant strides, at a rate increasing in geometri- 
cal ratio. 

It were yain to draw positive or detailed conclusions as to the 
grade of culture attained by the man of the Diluvial period from the 
comparatively few relics of his life as yet found m the drift and caves. 
These data are yet too few, slight, and diseonrected, for that. For 
instance, while some of the skulls (that from the Neanderthal espe- 
cially) indicate an ape-like race, of short stature, others are of a type 
thr higher, and scarcely differing from those of European tribes yet 
living. 

A human jaw-bone, of remarkable cast, was lately taken from the 
Trou de Ia Nanlette, a cave on the river Lesse, near Dinant, during 


1 Or Lithuanian bigon. A few living specimens of this animal are carefully preserved 
by the Emperor of Russia. —Trans. 
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excavations conducted by M. Edouard Dupont, under the auspices of 
the Belgian Government. The dental structure is a striking mean 
between the ordinary human type and that of the ape. Other Belgian 
aud French caves have yielded similar remains, while on the other 
hand the remains of an ape (Dryopithecus fontani), with a dental 
structure strikingly anthropoid, were found in the upper Miocene beds 
of the Tertiary at Sansans, department of Gers, in Southern France, 
In the Trou de la Nanlette long bones of animals in many instances 
were split longitudinally, for the easy extraction of the marrow. 
They thus become interesting as early traits of human industry and 
habits. From the remains as yet found we infer the existence in 
Europe of a race originally rather ape-like, but progressing toward a 
build and culture in the complete sense human, 

And this is in perfect consonance with the general progress of 
organic life during the long marches of the various geological eras, 
The present is thus the era of the highest types. We are still told by 
many, however, that although every thing in Nature—stone, plant, aui- 
mal—is stamped with tokens of the law and proofs of the fact of 
gradual development, man, though equally with them a link in the 
chain of being—man, forsooth, must have come from the hand of his 
Creator immediately, and perfect from the first. 

But let us not draw, from facts as yet comparatively few and very 
scattered, conclusions which the very tirst new discovery may reverse. 
And seeing how few are the human remains yet found in these ancient 
layers, it is not strange that many hesitate to follow those who already 
extend the principles of the Darwinian hypothesis to man, and find 
our very own brethren in the anthropoid apes—brethren sprung from a 
common ancestry, but immeasurably outstripped by us in the long, 
long course of a development begun in a previous geological era. 
But those who accept Darwinism as applied to the animal and vegeta- 
ble kingdoms, implying as that theory does the progress of organic 
life from low to higher, from simple to more complex forms and func- 
tions—these can hardly resist the conclusion that man also, as to his 
physical part at least, is but a highly-developed member of the animal 
kingdom. And, so far as they go, the data of geology favor that view. 

Although the anthropoid apes resemble man in structure more 
closely than they resemble their lower congeners, still the lowest men 
are far superior, in mental character at least, to these highest apes, 
And we insist that it isa legitimate subject of inquiry whether the wide 
chasm now separating the highest apes from the lowest men has existed 
from the beginning, or whether the spiritual powers of the latter have 
been developed from the rude beginnings of intellectuality in the former, 

The indications are that the primeval man of Europe and _ his 
nearer descendants were of short stature. The popular notion, that 
the present generation is physically weaker and sinaller than the prim- 
itive or ancient, is not only utterly unfounded, but there is abundant 
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evidence that the reverse is true. Most of us would be amazed if not 
shoeked at a true and life-size portrait of the real Eve, “mother of all 
living.” We often hear, indeed, of giants’ bones here and there dug 
up, but intelligent examination invariably proves them to have be- 
longed to the mammoth or other animal.’ A singular blunder of the 
kind shows the real value of such reputed discoveries. Years ago, a 
skeleton was dug from the calcareous shale at Oeningen, which the 
veteran savant Schenchzer confidently christened “ ZZomo diluvii tes- 
tis *—the man who saw the flood. Casts of it were made for various 
musenms, and, in full faith in the legitimacy of the name, one Deacon 
Miller was moved to write some most pious and edifying Jines abont 
it. Unfortunately, the first competent study of the skeleton proved it 
to be that—not of an ancient sinner, but of a large salamander, closely 
resembling the Giant Salamander of Japan. Yet, to this day, every 
easually unearthed petrifaction, found no matter where or in what re- 
lations, ig to many a memorial of the Noachian Deluge. Thus, theo- 
ries which science has long ago refuted aud dismissed from further con- 
sideration, are persistently held fast and reaftirmed. 

If we are to attain even an approximate notion of the grade of 
enlture reached by what we must provisionally regard as the autoch- 
thonic, primitive man of Europe, we must infer it from the yet pre- 
served works of his hands rather than from the Jamentably few osse- 
ous remains yet found with them. He had various articles of bone 
and horn, clubs and slings, and knives and spear-heads, some of which 
were long and slender, some short and round, chipped into shape out 
of flint and jasper. He had no pottery as yet, and no wrought metals. 
He split the longer bones of animals used as food, the better to get at 
the marrow; and this was not only eaten, but probably then, as by 
many savage races at present, employed as an unguent also. The do- 
mestication of animals was evidently not yet begun—even the horse 
being used neither for draught nor for carrying. That primitive race 
contented itself with the wild products of the forest, the chase, and 
the waters, as to food, and for dwellings used caves, generally in clifts 
difficult of access and easy of defense, like those on the river Lesse, 
near Namur. 

We are to picture to ourselves, then, a people very like the Esqui- 
manx in circumstances and activities, It lived in our own Europe, 
but Europe covered to a considerable extent with glaciers, and keep- 
ing up a hard and continuous resistance both to wild beasts and the 
rigors of a climate at once very cold and very damp. The mammoth 
and rhinoceros, as we have seen, were protected by thick, woolly hair, 
and fed upon the twigs of the abundant conifers, as fragments yet found 
in the interstices of the teeth and ribs show. We must not be misled 


1 Our own papers often tell us of bones or skeletons of men who must have been 
eight or ten feet in height, but in eaeh case a tape-line and a little knowledge of anat- 
omy reduce them to ordinary proportions.—Traxs. 
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as to the then climate of Europe by thinking of that of the present 
habitat of the elephant and rhinoeeros. Even now the Bengal tiger 
traverses Asia as far north as latitude 52°, and the lion and tiger are 
frequently met with when snow and ice are present. 

The tools and weapons of the man of this age were simple indeed, 
but no mean skill was employed in their mannfacture and use. Even 
with our many and marvelous inventions, one of us, cast away upon 
some uninhabited shore, could hardly manifest more self-helpfulness. 
And the manner in whieh the dead were buried—one of the common 
modes of expressing a race’s faith ina future life—shows the possession 
of some degree of spiritual development. 

Such are “the earliest traces of man in Europe,” the slight, sparse 
indications of his existenee in the Tertiary or next preceding formation 
excepted, These traces of man in the Diluvium belong to the period 
geologically the most recent indeed, yet even it is separated from onr 
own time by a gulf of many thousands of years. The rhinoceros, 
primitive ox, giant-clk (Megaceros Hibernicus), aud eaye-bear, are prom- 
inent among the contemporaries of this primitive man, bnt the char- 
acteristic animal of the time was the mammoth, Tenee the name of 
the first age of Man—the “ Age of Mammoths.” 

We will vainly seck in this earliest man for evidences of that erea- 
turely perfectness which, according to the common view, he must have 
inherited from his first parents in paradise—the charming paradise of 
Genesis, of art, and of poetry. For the geologist, the fruits of the 
truly paradisaic epoch grew in a far remoter past, when Europe was 
adorned with the palm and cinnamon-tree, and all the exuberant vege- 
tation of the middle Tertiary period, whence our peat-beds are formed ; 
when, instead of man, the ape, or possibly a man not much superior to 
the ape, stood at the head of God’s earthly creatures. 

Having answered the question as to man’s first traces in Europe, 
we might now bring our treatise to a close. But, to gain an adequate 
notion of the antiquity of our race, and of its progress during the 
successive ages, we proceed to a cursory review of the suceeeding eras 
of prehistoric human existence. 


THE ATMOSPHERE IN RELATION TO FOG-SIGNALING. 
By JOHN TYNDALL, LL. D., F.RB.S. 


IL—<Aetion of ail and Rain, 


N the first part of this article it was demonstrated that the optic 
transpareney and acoustic transparency of our atmosphere were 

by no means necessarily coincident; that on days of marvelous optical 
clearness the atmosphere may be filled with impervious aconstiec clouds, 
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while days optically turbid may be acoustically clear. We have now 
to consider, in detail, the influence of various agents which have hith- 
erto been considered potent in reference to the transmission of sound 
through the atmosphere. 

Derham, and after him all other writers, considered that falling 
rain tended powerfully to obstruct sound. An observation on June 
3d has been already referred to as tending to throw doubt on this con- 
clusion. Two other erncial instances will suffice to show its untena- 
bility. On the morning of October 8th, at 7.45 a. M.,a thunder-storm, 
accompanied by heavy rain, broke over Dover. But the clouds sub- 
sequently cleared away, and the sun shone strongly on the sea, For 
a time the optical clearness of the atmosphere was extraordinary, but 
it was acoustically opaque. At 2.30 p.m. a densely black scowl again 
overspread the heavens to the west-southwest. The distance being 6 
mules, and all hushed on board, the horn was heard very feebly, the 
siren more distinctly, while the howitzer was better than either, though 
not much superior to the siren, 

A squall approached us from the west. In the Alps or elsewhere 
l have rarely seen the heavens blacker. Vast ecumuli floated to the 
northeast and southeast; vast streamers of rain descended in the 
west-northwest ; huge scrolls of cloud hung in the north; but spaces 
of blue were to be seen to the north-northeast. 

At 7 miles’ distance the siren and horn were both feeble, while the 
guus sent us a very faint report. A dense shower now enveloped the 
Foreland. 

The rain at length reached us; falling heavily all the way between 
us and the Foreland. But the sound, instead of being deadencd, rose 
perceptibly in power, Tlail was now added to the rain, and the 
shower reached a tropical violence, the hailstones floating thickly on 
the flooded deck, In the midst of this furious squall both the horns 
aud the siren were distinctly heard; and as the shower lightened, 
thus lessening the local pattering, the sounds so rose in power that we 
heard them at a distance of 7} miles distinctly louder than they had 
been heard through the rainless atmosphere of 5 miles, 

At 4 p.M, the rain had ceased, and the sun shone clearly through 
the calm air, At 9 miles’ distance the horn was heard feebly, the 
siren clearly, while the howitzer sent us a loud report. All the sounds 
were better heard at this distance than they had previously been at 
53 miles; from which, by the law of inverse squares, it follows that 
the intensity of the sound at 54 miles’ distance must have been aug- 
mented at least threefold by the descent of the rain. 

On the 23d of October, our steamer had forsaken us for shelter, 
and J songht to turn the weather to account by making other obser- 
vations on both sides of the fog-signal station. Mr. Douglas, the 
chief-engineer of the Trinity Ilouse, was good enough to undertake 
the observations northeast of the Foreland; while Mr. Ayres, the 
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assistant engineer, walked in the other direction, At 12.50 p.m. the 
wind blew a gale, and broke into a thunder-storm with violent rain, 
Inside and outside of the Cornhill Coast-gnard Station, a mile from 
the instruments, in the direction of Dover, Mr. Ayres heard the sound 
of the siren through the storm; and, after the ram had ceased, all 
sounds were heard distinetly londer than before. M1, Donglas had 
sent a fly before him to Kingsdown, and the driver had been waiting 
for fifteen minutes before he arrived. During this time no sound had 
been heard, though forty blasts had been blown in the interval; nor 
had the coast-guard man on duty, a practised observer, heard any of 
them throughout the day, During the thunder-storm, and while the 
rain was actually falling with a violence which Mr. Douglas describes 
as perfectly torrential, the sounds became audible, and were heard 
by all. 

To rain, in short, I have never been able to trace the slightest 
deadening influence upon sound, The reputed barrier offered by 
“thick weather” to the passage of sound was one of the causes which 
tended to produce hesitation in establishing sound-signals on onr 
coasts. It is to be hoped that the removal of this error may redound 
to the advantage of coming generations of seafaring men. 


Action or Syow.—Falling snow, according to Derham, is the most 
serious obstacle of all to the transmission of sonnd. We did not ex- 
tend our observations at the South Foreland into snowy weather; but 
a previous observation of my own bears directly upon this point. On 
Christmas-night, 1859, I arrived at Chamouni, through snow so deep 
as to obliterate the road-fences, and to render the labor of reaching 
the village arduous in the extreme. On the 26th and 27th it fell 
heavily. On the 27th, during a lull in the storm, I reached the Mon- 
tanvert, sometimes breast-deep in snow. On the 28th, with great 
difficulty, two lines of stakes were set out across the glacier, with the 
view of determining its winter motion, On the 29th, the entry in my 
journal, written in the morning, is, “Snow, heavy snow; it niust 
have descended through the entire night, the quantity freshly fallen 
is so great.” 

Under these cireumstances I planted my theodolite beside the Mer 
de Glace, having waded to my position through snow which, being 
dry, reached nearly to my breast. Assistants were sent across the 
glacier with instructions to measure the displacement of a transverse 
line of stakes planted previously in the snow. A storm drifted up 
the valley, darkening the air as it approached. It reached us, the 
snow falling more heavily than I had ever seen it elsewhere. It soon 
formed a heap on the theodolite, and thickly covered my own clothes. 
Here, then, was a combination of snow in the air, and of soft, fresh 
snow on the ground, such as Derham could hardly have enjoyed; 
still through such an atmosphere I was able to make my instructions 
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audible quite across the glacier, the distance being half a mile, while 
the experiment was rendered reciprocal by one of my assistants making 
his voice audible to me. 

The flakes here were so thick that it was only at intervals that I 
was able to pick up the retreating forms of the men. Still the air 
throngh which the flakes fell was continnous. Did the flakes merely 
yield passively to the sonorous waves, swinging, like the particles of 
air themselves, to and fro as the sound-waves passed them? Or did 
the waves bend by diffraction round the flakes, and emerge from them 
without sensible loss? Experiment will aid us here by showing the 
astonishing facility with which sound makes its way among obstacles, 
and passes through tissues, so long as the continuity of the air in their 
interstices is preserved, — * 

A piece of mill-board or of glass, a plank of wood, or the hand, 
placed aeross the open end ¢’ of the tunnel a dc d (see page 689), in- 
tereepts the sound of the bell, placed in the padded box J, and stills 
the sensitive flame & (deseribed in the last article). 

An ordinary eambriec pocket-handkerchief, on the other hand, 
stretched across the tunnel-end produeed hardly an appreciable effect 
upon the sound. Through two layers of the handkerchief the flame 
was strongly agitated; through four layers it was still agitated ; while 
through six layers, though nearly stilled, it was not entirely so. 

Dipping the same handkerchief into water, and stretching a single 
wetted layer across the tunnel-end, it stilled the flame as effectually 
as the mill-board or the wood. Hence the conclusion that the sonnd- 
waves in the first instance passed through the interstices of the cambric. 

Through a single layer of thin silk the sound passed without sen- 
sible interruption ; through six layers the flame was strongly agitated ; 
while through twelve layers the agitation was quite perceptible. 

A single layer of this silk, when wetted, stilled the flame. 

A layer of soft lint produced but little effeet upon the sound; a 
layer of thick flannel was almost equally ineffectual. Through four 
layers of flannel the flame was perceptibly agitated. Through a single 
layer of green baize the sound passed almost as freely as through air; 
through four layers of the baize the action was still sensible. Through 
a layer of close hard felt, half an inch thick, the sound-waves passed 
with sufficient energy to sensibly agitate the flame. I did not witness 
these effects without astonishment. 

A single layer of thin oiled-silk stopped the sound and stilled the 
flame, <A single layer of gold-beater’s-skin did the same. A leaf of 
common note-paper, or even of foreign post, stopped the sound, 

The sensitive flame is not absolutely necessary to these experi- 
ments, Let a ticking watch be hung six inches from the ear, a cam- 
brie handkerchicf dropped between it and the ear searcely sensibly 
affects the ticking, a sheet of oilskin or an intensely heated gas 
column cuts it almost wholly off. 
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But, though oiled-silk, foreign post, and even gold-beater’s-skin ean 
stop the sound, a film swiheiently thin to yield freely to the aérial 
pulses transmits it. A thiek soap-film produces an obvious. effect 
upon the sensitive flame, a very thin one does not. The augmentation 
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of the transmitted sound may be observed simultaneously with the 

generation and brightening of the cdlors which indicate the increasing 

thinness of the film. A very thin collodion-film acts in the same way. 

Aequainted with the foregoing facts regarding the passage of 
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sound through cambric, silk, lint, flannel, baize, and felt, the reader 
is prepared for the statement that the sound-waves pass without sen- 
sible impediment through heavy artificial showers of rain, hail, and 
snow. Water-drops, seeds, sand, bran, and flocculi of various kinds, 
have been employed to form sueh showers: through all of these, as 
through the actual rain and hail already described, and through the 
snow on the Mer de Glace, the sound passes without sensible ob- 
struction, 


Action or Foe: Oxnservations 1x Lonpox.—But the imariner’s 
greatest enemy, fog, is still to be dealt with; and here for a long time 
the proper conditions of experiment were absent. Up to the end of 
November we had had frequent days of haze, suilieiently thiek to 
obseure the white cliffs of the Foreland, but no real fog. Still those 
cases furnished demonstrative evidence that the notions entertained 
regarding the refieetion of sound by suspended particles were wrong ; 
for on many days of the thickest haze the sound covered twice the 
range attained on other days of perfect optical transparency. Such 
instances dissolved the association hitherto assumed to exist between 
acoustic transpareney and optic transparency, but they left the action 
of dense fogs undetermined. 

On December 9th a memorable fog settled down on London. I 
addressed a telegram to the Trinity House suggesting some gun-ob- 
servations, With characteristic promptness caine the reply that they 
would be made in the afternoon at Blackwall. I went to Greenwich 
in the hope of hearing the guns aeross the river; but the delay of the 
train by the fog rendered my arrival too late. Over the river the fog 
was very dense, and throngh it came various sounds with great dis- 
tinetness. The signal-beH of an unseen barge rang clearly out at 
intervals, and I eould plainly hear the hammering at Cubitt’s Town, 
half a mile away, on the opposite side of the river. No deadening of 
the sound by the fog was apparent. 

Through this fog and various local noises, Captain Atkins and Mr. 
Edwards heard the report of a 12-pounder cannonade with a 1-lb. 
charge distinctly better than the 18-pounder with a 3-Ib. charge, au 
optically clear atmosphere, and all noise absent, on July 3d. 

Anxious to turn to the best account a phenomenon for which we 
had waited so long, I tried to grapple with the problem by experi- 
ments on asmall scale, On the 10th [ stationed my assistant with a 
whistle and organ-pipe on the walk below the southwest end of the 
bridge dividing Hyde Park from Kensington Gardens. From the 
eastern end of the Serpentine I heard distinctly both the whistle and 
the pipe, which produced 380 waves a second. On changing places 
with my assistant, I heard for a time the distinet blast of the whistle 
only. The deeper note of the organ-pipe at length reached me, rising 
sometimes to great distinctness, and sometimes falling to inaudibility. 
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The whistle showed the same intermittence as to period, but in an 
opposite sense; for when the whistle was faint the pipe was strong, 
and vice versa. To obtain the fundamental note of the pipe it had to 
be blown gently, and on the whole the whistle proved the most efficient 
in piercing the fog. 

An extraordinary amount of sound filled the air during these ex- 
periments, The resonant roar of the Bayswater and Knightsbridge 
roads; the clangor of the great bell of Westminster; the railway- 
whistles, which were frequently blown, and the fog-signals exploded 
at the various inetropolitan stations, were all heard with extraordinary 
intensity. This could by no means be reconciled with the state- 
ments so categorically made regarding the acoustic impenctrability 
of a London fog. 

On the 11th of December, the fog being denser than before, I heard 
every blast of the whistle, and occasional blasts of the pipe, over the 
distance between the bridge and the eastern end of the Serpentine. 
On joining my assistant at the bridge, the loud concussion of a gun 
was heard by both of us. A police-inspector affirmed that it came 
from Woolwieh, and that he had heard several shots about 2 Pp. a1. 
and previously. The fact, if a fact, was of the highest importance ; 
so I immediately telegraphed to Woolwich for information. Prof. 
Abel kindly furnished me with the following particulars; 


“The firing took place at 1.40 p. a. The guns proved were of comparatively 
small size—64-pounders, with 10-lb. charges of powder. 

“The concussion experienced at my house and office, about three-quarters 
of a mile from the butt, was decidedly more severe than that experienced when 
the heaviest guns are proved with charges of 110 to 120 Ibs. of powder. There 
was a dense fog here at the time of firing.” 


These were the reports heard by the police-inspector ; on subse- 
quent inquiry it was ascertained that two guns were fired at about 
3 pM. These were the guns heard by myself. 

Prof. Abel also communicated to me the following fact : 


“Our workman’s bell at the arsenal-gate, which is of moderate size and any 
thing but clear in tone, is pretty distinctly heard by Prot. Bloxam only when 
the wind is northeast. During the whole of last weck the bell was heard with 
great distinctness, the wind being southwesterly (opposed to the sound), The 
distance of the bell from Bloxam’s house is about three-quarters of a mile as the 
crow flies.” 


Assuredly no question of science ever stood so much in need of 
revision as this of the transmission of sound through the atmosphere. 
Slowly but surely we mastered the question ; and-the further we ad- 
vanced the more plainly it appeared that our reputed knowledge re- 
garding it was erroneous from beginning to end. 

On the morning of the 12th the fog attained its maximum density. 
It was not possible to read at my window, which fronted the open 
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western sky. At 10.30 [ sent an assistant to the bridge, and listened 
for his whistle and pipe at the eastern end of the Serpentine. The 
whistle rose to a shrillness far surpassing any thing previously heard, 
but it sank sometimes almost to inaudibility ; proving that, though 
the air was on the whole highly homogeneous, acoustie clouds still 
drifted through the fog, A second pipe, which was quite inandible 
yesterday, was plainty heard this morning. We were able to dis- 
course across the Serpentine to-day with much greater ease than yes- 
terday. 

During our summer observations, I had once or twice been able to 
tix the position of the Foreland in thick haze by the direction of the 
sound, To-day my assistant, hidden by the fog, walked up to the 
Watermen’s Boat-House sounding his whistle; and I walked along 
the opposite side of the Serpentine, clearly appreciating fora time that 
the line joining us was oblique to the axis of the river. Coming to a 
point whieh seemed to be exactly abreast of him, I marked it, and on 
the following day, when the fog had eleared away, the marked po- 
sition was found to be perfectly exact. When undisturbed by echoes, 
the car, with a little practice, becomes capable of fixing with great 
precision the direction of a sound. 

On reaching the Serpentine this morning, a peal of bells, which 
then began to ring, seemed so close at hand that it required some 
reflection to convince me that they were ringing to the north of Ilyde 
Park, The sounds fluetuated wonderfully in power. Prior to the 
striking of cleven by the great bell of Westminster, a nearer bell struck 
with loud clangor. The first five strokes of the Westminstér bell were 
afterward heard, one of them being extremely lond; but the last six 
strokes were inandible. An assistant was stationed to attend to the 
twelve-o’clock bells, The clock which had struck so loudly at eleven 
was unheard at twelve, while of the Westminster bell eight strokes 
out of twelve were inaudible. To such astonishing changes is the 
atmosphere liable, 

At 7 p.m, the Westminster bell striking seven was not at all heard 
from the Serpentine, while the nearer bell already alluded to was 
heard distinctly. The fog had cleared away, and the lamps on the 
bridge could be scen from the eastern end of the Serpentine burning 
brightly ; but, instead of the sound sharing the improvement of the 
light, what might be properly called an acoustic fog took the place 
of its optical predecessor, Several series of the whistle and organ- 
pipe were sounded in succession ; one series only of the whistle-sounds 
was heard, all the others being quite inaudible. Three series of the 
organ-pipe were heard, but exceedingly faintly. On reversing the 
positions and sounding as before, nothing whatever was heard, 

At eight o’clock the chimes and hour-bell of the Westminster 
clock were both very loud. The “ aeonstic fog ” had shifted its po- 
sition or temporarily melted away. 
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Extraordinary fluctuations were also observed in the case of the 
church-bells heard in the morning ; in a few seconds they would sink 
from a loudly-ringing peal into utter silence, from whieh they would 
rapidly return to loud-tongued audibility. The intermittent drifting 
of fog over the sun’s disk, by which his light is at times obscured, 
at times revealed, is the optical analogue of these effects. As regards 
such changes, the acoustic deportment of the atmosphere is a true 
transcript of its optical deportment. 

At 9 p.m. three strokes only of the Westminster clock were heard ; 
the others were inaudible. The air had relapsed in part into its 
condition at 7 P.M., when all the strokes were heard. 

The quict of the park this evening, as contrasted with the resonant 
roar which filled the air on the two preceding days, was very re- 
markable. The sound, in fact, was stifled in the optically clear but 
acoustically floceulent atmosphere. 

On the 13th the fog being displaced by thin haze, I went again to 
the Serpentine. The carriage-sounds were damped to an extraor- 
dinary degree. The roar of the Knightsbridge and Bayswater roads 
had subsided, the tread of troops which passed us a little way off was 
unheard, while at 11 a.m. both the chimes and the howrbell of the 
Westminster clock were stifled. Subjectively considered, all was 
favorable to auditory impressions; but the very cause that damped 
the local noises extinguished our experimental sounds. The voice 
across the Serpentine to-day, with my assistant plainly visible in front 
of me, was distinctly feebler than it had been when each of us was 
hidden from the other in the densest fog. 

Placing the source of sound at the eastern end of the Serpentine, 
I walked along its edge from the bridge toward the end, The distance 
between these two points is about 1,000 paces. After five hundred 
of them had been stepped, the sound was not so distinct as it had been 
at the bridge on the day of densest fog; hence, by the law of inverse 
squares, the optical cleansing of the air through the melting away of 
the fog had so darkened it acoustically, that a sonnd generated at the 
eastern end of the Serpentine was lowered to one-fourth of its intensity 
at & point midway between the end and the bridge. 

To these demonstrative observations one or two subsequent ones 
may be added. On several of the moist ad warm days at the begin- 
ning of this year I stood at noon beside the railing of St. James’s 
Park, near Buckingham Lalace, three-quarters of a mile from the clock- 
tower, which was clearly visible. Nota single stroke of “Big Ben” 
was heard, On January 19th, fog and drizzling tain obscured the 
tower; still from the same position I not only heard the strokes of the 
great bell, but also the chimes of the quarter-bells. 

During the exceedingly dense and “ dripping ” fog of January 22d, 
from the same railings, I heard every stroke of the bell, At the end 
of the Serpentine, when the fog was densest, the Westminster bell 
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was heard striking loudly eleven. Toward evening this fog began to 
melt. away, and at six o’clock I weut to the end of the Serpentine to 
observe the effect of the optical clearing upon the sound. Not one of 
the strokes reached me. At nine o’clock and at ten o’clock my assist- 
ant was in the same position, and on both occasions he failed to hear 
a single stroke of the bell. It was a case precisely similar to that of 
December 138th, when the dissolution of the fog was accompanied by 
a decided acoustic thickening of the air.’ 


OBSERVATIONS AT THE Soutu ForeLtanp.—Satisfactory and indeed 
conclusive as these results seemed, I desired exceedingly to coufirm 
them by experiments with the instruments actually employed at the 
South Foreland. On the 10th of February I had the gratification of 
receiving the following note and inclosure from the deputy-master 
of Trinity House: 


“My DEAR TynpaLi: The inclosed will show how accurately your views 
have been verified, and I send them on at once without waiting for the details. 
I think you will be glad to have them, and as soon asI get the report it shall be 
sent to you. I made up my mind ten days ago that there would be a chance in 
the light foggy-disposed weather at home, and therefore sent the Argus off at 
an hour’s notice, and requested the Fog Committee to keep one member on 
board. On Friday I was so satisfied that the fog would occur that I sent Ed- 
wards down to record the observations. . . . 

“Very truly yours, Frep. Arrow.” 


The inclosure referred to was notes from Captain Atkins and Mr. 
Edwards. Captain Atkins writes thus: 


“ As arranged, I came down here by the mail express, meeting Mr. Edwards 
at Cannon Street. We put up at the Dover Castle, and next morning at seven I 
was awoke by the sounds of the siren. On jumping up [ discovered that the 
long-looked-for fog had arrived, and that the Argus had left her moorings. 

“Tlowever, had I been on board, the instructions I left with Troughton (the 
master of the Argus) could not have been better carried out. About noon the 
fog cleared up and the Argus returned to her moorings, when IJ learned that 
they had taken both siren and horn sounds to a distance of 11 miles from the 
station, where they dropped a buoy. This I know to be correct, as I have this 
morning recovered the buoy, and the distances both in and out agree with 
Troughton’s statement. I have also been to the Varne light-ship (123 miles 
from the Foreland), and ascertained that during the fog of Saturday forenoon 
they ‘distinctly’ heard the sounds.” 


Mr. Edwards, who was constantly at my side during our summer 
and antumn observations, and who is thoroughly competent to form a 
comparative estimate of the strength of the sonnds, states that the 
sounds were “ extraordinarily lond,” both Captain Atkins and himself 

1A friend informs me that he has followed a pack of hounds on a clear, calm day 


without hearing a single yelp from the dogs; while on calm, foggy days from the same 
distance the musical roar of the pack was loudly audible. 
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being awoke by them. He does not remember ever before hearing 
the sounds so loud in Dover; it seemed as though the observers were 
close to the instruments. 

Other days of fog preceded this one, and they were all days of 
acoustic transparency, the day of densest fog being acoustically the 
clearest of all. 

The results here recorded are of the highest importance, for they 
bring us face to face with a dense fog and an actual fog-signal, and 
confirm in the most conclusive manner the previous observations. 
The fact of Captain Atkins and Mr. Edwards being awakened by the 
siren proves, beyond all our previous experience, its power during the 
fog on the 7th of February. 

It is exceedingly interesting to eompare the transmission of sound 
on February 7th with its transmission on October 14th. The wind 
on both days had the same strength and direction. My notes of the 
observations show the latter to have been throughout a day of ex- 
treme optical clearness. The range was 10 miles, During the fog 
of February 7th, the Argus heard the sound at 11 miles; and it was 
also heard at the Varne light-vessel, which is 122 miles from the 
Foreland. 

It is also worthy of note that through the same fog the sounds 
were well beard at the Sonth Sand Head light-vessel, which is in the 
opposite direetion from the South Foreland, and aetually behind the 
siren. For this important cireumstance is to be borne in mind: on 
February 7th the siren happened to be pointed, not toward the Argus, 
bat toward Dover. Had the yacht been in the axis of the instrument, 
it is highly probable that the sound would have been heard all the 
way across to the coast of France, 

It is hardly necessary for me to say a word to guard myself against 
the misconception that I consider sound to be assisted by the fog 
itself, The fog-particles have no more influence upon the waves of 
sound than the suspended particles stirred up over the banks of New- 
foundland have upon the waves of the Atlantic. A homogeneous air 
is the usual associate of fog, and hence the acoustie elearness of foggy 
weather. 


Exrermvents on Arnrictan Foos.—These observations are 
clinched and finished by being bronght within the range of laboratory 
experiment. Here we shall learn incidentally a lesson as to the cau- 
tion required from an experimenter. 

The smoke from smouldering brown paper was allowed to stream 
upward into the tunnel @ 6 d (see p. 689); the action upon the sound- 
waves was strong, rendcring the short and agitated sensitive flame & 
tall and quiescent. Here the action of the smoke seemed elearly 
demonstrated. 

Air, first passed through ammonia, then through hydrochloric acid, 


696 THE POPULAR SCIENCE MONTHLY. 


and thus loaded with thiek fumes, was sent into the tunnel; the agi- 
tated flame was rendered immediately quiescent, indicating a very 
decided action on the part of the artificial fog. 

Air passed through perebloride of tin and sent into the tunnel 
produeed exceedingly dense fumes. The action of the fog upon the 
sound-waves was very strong. 

The dense smoke of resin, burnt before the open end of the tunnel 
and blown into it with a pair of beliows, had also the effect of stop- 
ping the sound-waves, so as to still the agitated flame. 

The result seems elear; and it perfectly harmonizes with the prev- 
alent a priori notions as to the action of fog upon sound. But caution 
is here necessary; for the smoke of the brown paper was hot; the 
flask containing the hydrochloric acid was hot; that containing the 
perchloride of tin was hot ; while the resin-fumes produced by a red- 
hot poker were also obviously hot. Were the results, then, due to the 
fumes or to the differences of temperature? The observations might 
well have proved a trap to an incautious reasoner, 

Instead of the smoke and heated air, the heated air alone from four 
red-hot pokers was permitted to stream upward into the tunnel; the 
action on the sound-waves was very decided, though the tunnel was 
optically empty. The flame of a candle was placed at the tunnel-end, 
and the hot air just above its tip was blown into the tunnel; the 
action on the sensitive flame was decided. A similar effeet was pro- 
duced when the air, ascending from a red-hot iron, was blown into 
the tunnel. 

In these latter cases the tunnel remained optically clear, while the 
same effect as that produced by the resin—smoke and fumes—was ob- 
served. Clearly, then, we are not entitled to aseribe, without further 
investigation, to the artificial fog an effect which may have been due 
to the air which accompanied it. 

Having eliminated the fog and proved the non-homogeneous air 
effective, our reasoning will be completed by eliminating the heat, and 
proving the fog ineffective. 

Instead of the tunnel a bed (see p. 689), a cupboard with glass sides, 
three feet long, two feet wide, and about tive feet high, was filled with 
fumes of various kinds. Here it was thought the fumes might remain 
long enough for differences of temperature to disappear. Two aper- 
tures were made in two opposite panes of glass three feet asunder ; 
in front of one aperture was placed the bell in its padded box and 
behind the other aperture, and at some distance from it, the sensitive 
flame. 

Phosphorus placed in a cup floating on water was ignited within 
the closed cupboard. The fumes were so dense that considerably less 
than the three feet traversed by the sound extinguished totally a bright 
candle-lame. At first there was a slight action upon the sound; but 
this rapidly vanished, the flame being affected exactly as if the sound 


THE ATMOSPHERE AND FOG-SIGNALING, 697 


passed through pure air. The first action was manifestly due to dif 
ferences of temperature, and disappeared when the temperature was 
equalized, 

The cupboard was next filled with the dense fumes of gunpowder. 
At first there was a slight action; but this disappeared even more 
rapidly than in the case of the phosphorus, the sound passing as if 
no fumes were there. It required less than half a minute to abolish 
the action in the case of the phosphorus, but a few seconds sufficed 
in the case of the gunpowder. The fumes were far more than sufficient 
to quench the candle-flame. 

The dense smoke of resin, when the temperature had become equa- 
ble, exerted no action on the sound. 

The fumes of gum-mastic were equally ineffectual. 

The fumes of the perchloride of tin, though of extraordinary den- 
sity, exerted no sensible effect upon the sound. 

Exceedingly dense fumes of chloride of ammonium next filled the 
cupboard. <A fraction of the length of the three-foot tube sufficed to 
quench the candle-flame. Soon after the cupboard was filled, the 
sound passed without the least sensible deterioration. An aperture 
at the top of the cupboard was opened; but, though a dense smoke- 
column ascended through it, many minutes elapsed before the candle- 
flame could be seen throngh the attenuated fog. 

Steam from a copper boiler was so copiously admitted into the 
cupboard as to fill it with a dense clond. No real cloud was ever 
so dense; still the sound passed through it without the least sen- 
sible diminution. This being the case, cloud-echoes are not a likely 
phenomenon. 

In all of these cases, when a couple of Bunsen’s burners were ignited 
within the cupboard containing the fumes, less than a minute’s action 
rendered the air so heterogeneous that the sensitive flame was com- 
pletely stilled. 

These acoustically inactive fogs were subsequently proved com- 
petent to cut off the electric hght. 

Experiment and observation go, therefore, hand-in-hand in demon- 
strating that fogs have no sensible action upon sound; the notion of 
their impenetrability which so powerfully retarded the introduction 
of phonic coast-signals being thns abolished, we have solid ground 
for the hope that disasters due to fogs and thick weather will, in the 
future, be materially mitigated. 


Action oF Winp.—In stormy weather we were frequently for- 
saken by our steamer, which had to seek shelter in the Downs or Mar- 
gate Roads, and on such oceasions the opportunity was turned to ac- 
count to determine the effect of the wind. On October 11th, accom- 
panied by Mr. Douglas and Mr. Edwards, I walked along the cliffs 
to Dover Castle toward the Foreland, the wind blowing strongly 
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against the sound. On the Dover side, and at about a mile and a half 
from the Foreland, we first heard the faint but distinet sound of the 
siren. The horn-sonnd was inandible. A gun fired during our halt 
was also unheard. 

As we approached the Foreland we saw the smoke of the gun, Mr. 
Edwards heard a faint crack, but neither Mr. Donglas nor I heard 
any thing. The sound of the siren was, at the same time, of piercing 
intensity. We waited for ten minutes, when another gun was fired. 
The smoke was at hand, and I thonght I heard a faint thud, but could 
not be certain. My companions heard nothing. On pacing the dis- 
tance afterward, we were found to be only 550 yards from the gun. 
We were shaded at the time by a slight eminence from both the siren 
and the gun, but this could not account for the utter extinction of the 
gun-sound at so short a distance, and at a time when the siren sent to 
us a note of great power. 

Mr. Ayres, at my request, walked to windward along the cliff, 
while Mr. Donglas proceeded to St. Margaret’s Bay. During their 
absence I had three guns fired. Mr, Ayres heard only one of them. 
Favored by the wind, Mr. Donglas, at twice the distance, and far 
more deeply immersed in the sound-shadow, heard all three reports 
with the utmost distinctness. 

Joining Mr. Donglas, we continned our walk to a distance of three- 
quarters of a mile beyond St. Margaret’s Bay. Tere, being dead to 
leeward, though the wind blew with unabated violence, the sound of 
the siren was borne to ns with extraordinary power.’ Jn this position 
we also heard the gun loudly, and two other lond reports at the proper 
interval of ten minutes, as we returned to the Foreland, 

It is within the mark to say that the gun to-day was heard five 
times, and might have been heard fifteen times as far to leeward as to 
windward. 

Jn windy weather the shortness of its sound is a serions drawback 
to the use of a gun as a signal. In the case of the horn and siren, 
time is given for the attention to be fixed npon the sound; and a 
single puff, while cutting out a portion of the blast, does not oblit- 
erate it wholly. Such a puff, however, may be fatal to the momentary 
gun-sound, 

On the leeward side of the Foreland, on the 23d, the sounds were 
heard at least four times as far as on the windward side, while in both 
directions the siren possessed the greatest penetrative power. 

On the 24th the wind shifted to east-sontheast, and the sounds, 
which, when the wind was west-sonthwest, failed to reach Dover, were 
now heard in the streets through thick rain. On the 27th the wind 
was east-northeast. In our writing-room, in the Lord Warden Hotel, 
in the bedrooms, and on the staircase, the sound of the siren reached 


' The horn here was temporarily suspended, but doubtiess would have been well 
heard, 
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us with surprising power, piercing through the whistling and moaning 
of the wind, which blew through Dover toward Folkestone. The 
sounds were heard at 6 miles from the Foreland on the Folkestone 
road, and, had the instruments not then ceased sounding, they might 
have been heard much farther. At the South Sand Head light-yessel, 
33 miles on the opposite side, uo sound had been heard throughout 
the day. On the 28th, the wind being north by east, the sounds were 
heard in the middle of Folkestene, 8 miles off, while in the opposite 
direction they failed to reach 3 miles. On the 29th the limits of 
range were Eastware Bay on the one side, and Kingsdown on the 
other; on the 30th the limits were Kingsdown on the one hand, and 
Folkestone Pier on the other, With a wind having a force of 4 or 5, 
it was a very eommon observation to hear the sound in one direction 
three times as far as in the other. 

This well-known effect of the wind is exceedingly difficult to ex- 
plain. Indeed, the only explanation worthy of the name is one offered 
by Prof, Stokes, and suggested by some remarkable observations by 
De la Roche. In vol. i. of the “Annales de Chemie” for 1816, p. 176, 
Arago introduces De la Roche’s memoir in these words: “ L’auteur 
arrive 4 des conclusions, qui @abord pourront paraitre paradoxales, 
mais ceux qui savent combien il mettait de soins et (exactitude dans 
toutes ses recherches se garderont sans doute d’opposer une opinion 
populaire 4 des expériences positives.” The strangeness of De la 

Roche’s results consisted in his establishing, by quantitative measure- 
ments, not only that sound has a greater range in the direction of the 
wind than in the opposite direction, but that the range at right angles 
to the wind is the maximum. 

In a short but exceedingly able communication presented to the 
British Association in 1857, the eminent physicist above-mentioned 
points out a cause which, 7f sufficient, would account for the results 
referred to. The lower atmospheric strata are retarded by friction 
against the earth, and the upper ones by those immediately below 
them; the velocity of translation, therefore, in the case of wind, in- 
creases from the ground upward. This difference of velocity tilts the 
sound-wave upward in a direction opposed to, and downward in a 
direction coincident with, the wind, Jn this latter case the direct 
wave is reénforced by the wave reflected from the earth. Now, the 
reénforcement is greatest in the direction in which the direct and re- 
flected waves inclose the smallest angle, and this Is at right angles to 
the direction of the wind. Hence the greater range in this direction, 
It is not, therefore, according to Prof. Stokes, a stifling of the sound 
to windward, but a tilting of the sound-wave over the heads of the 
observers that defeats the propagation in that direction. 

This explanation calls for verification, and I wished much to test 
it by means of a captive balloon rising high enough to catch the de- 
flected wave; but, on communicating with Mr. Coxwell, who has 
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earned for himself so high a reputation as an aéronaut, and who has 
always shown himself so willing to promote a scientific object, I 
learned with regret that the experiment was too dangerous to be car- 
ried out.! 


Armospnuric SELEcTION.—It has been stated that the atmosphere 
on different days shows preferences to different sounds. This point is 
worthy of further illustration. 

After the violent shower which passed over us on October 18th, 
the sonnds of all the instruments, as already stated, rose in power; 
but it was noticed that the horn-sound, which was of lower piteh than 
that of the siren, improved most, at times not only equaling but sur- 
passing the sound of its rival. From this it might be inferred that 
the atmospheric change produced by the rain favored more especially 
the transmission of the longer sonorons waves. ‘ 

But our programme enabled us to go further than mere inference, 
It had been arranged on the day mentioned, that up to 3.30 p,m. the 
siren should perform 2,400 revolutions a minute, generating 480 waves 
a second. As long as this rate continued, the horn, after the shower, 
had the advantage, The rate of rotation was then changed to 2,000 
a minute, or 400 waves a second, when the siren-sound immediately 
surpassed that of the horn, A clear connection was thus established 
between aérial reflection and the length of the sonorons waves. 

The 10-inch Canadian whistle being eapable of adjustment so as to 
produce sounds of different pitch, on the 10th of Oetober Iran through 
a series of its sounds. The shrillest appeared to possess great inten- 
sity and penetrative power. The belief is common that a uote of this 
eharaeter (which affects so powerfully, and even painfully, an observer 
close at hand) has also the greatest range. Mr. A. Gordon, in his 
examination before the Committee on Light-louses, in 1854, expressed 
himself thns: “When you get a shrill sound, high in the scale, that 
sound is carried much farther than a lower note in the scale.” I have 
heard the same opinion expressed by other scientific men. 

On the 14th of October the point was submitted to an experi- 
mental test. It had been arranged that up to 11.30 4, M. the Canadian 
whistle, which had been heard with such piercing intensity on the 
10th, should sound its shrill note. At the hour just mentioned we 
were beside the Varne buoy, 73 miles from the Foreland. The siren, 
as we approached the buoy, was heard through the paddle-noises ; 
the horns were also heard, but more feebly than the siren. We paused 
at the buoy and listened for the 11.30 gun. Its boom was heard by 
all. Neither before nor during the pause was the shrill-sounding Ca- 
nadian whistle onee heard. It was now adjusted to prodnee its ordi- 
nary low-pitched note, which was immediately heard. Still farther 


1 Experiments so important as those of De la Roche ought not to be left without 
verification, I have made arrangements with a view to this object. 
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out the low boom of the cannon continued audible after all the other 
sounds had ceased. 

But it was only during the early part of the day that this preter- 
ence for the longer waves was manifested. At 3 P.M. the case was 
completely altered, for then the high-pitched siren was heard when all 
the other sounds were inaudible. On many other days we had illus- 
trations of the varying comparative power of the siren and the gun. 
On the 9th of Oetober, sometimes the one, sometimes the other was 
predominant, On the morning of the 13th the siren was clearly heard 
on Shakespeare’s Cliff} while two guns, with their puffs perfectly vis- 
ible, were unheard. On October 16th, two miles from the signal-sta- 
tion, the gun at eleven o’clock was inferior to the siren, but both were 
heard. At 12.30, the distance being 6 miles, the gun was quite 
unheard, while the siren continued faintly audible. Later on in the 
day the experiment was twice repeated. The puff of the gun was in 
each case seen, but nothing was heard; in the last experiment, when 
the gun was quenched, the siren sent forth a sound so strong as to 
maintain itself through the paddle-noises. The day was clearly hos- 
tile to the passage of the longer sonorous waves, 

October 17th began with a preference for the shorter waves. <At 
11.30 a. M. the mastery of the siren over the gun was pronounced ; at 
12.80 the gun slightly surpassed the siren; at 1, 2, and 2.30 Pp. Mm. the 
gun also asserted its mastery. This preference for the longer waves 
was continned on October 18th. On October 20th the day began in 
favor of the gun, then both became equal, and finally the siren gained 
the mastery ; but the day had become stormy, and a storm is always 
unfavorable to the momentary gun-sound, The same remark applies 
to the experiments of October 2Ist. At 11 a, a, distance 6) miles, 
when the siren made itself heard through the noises of wind, sea, and 
paddles, the gun was fired; but, thongh listened for with allattention, 
no sound was heard. Half an hour later the result was the same. 
On October 24th five observers saw the flash of the gun at a distance 
of 5 miles, but heard wothing ; all of them at this distance heard the 
siren distinctly ; a second experiment on the same day yielded the 
same result. On the 27th also the siren was triumphant; and on 
three several occasions on the 29th its mastery over the gun was very 
prononnced, 

Such experiments yield new conceptions as to the scattering of 
sound in the atmosphere. No sound here employed is a simple sound ; 
in every case the fundamental note is accompanied by others, and the 
action of the atmosphere on these different groups of waves has its 
optical analogne in that scattering of the waves of the luminiferous 
ether whieh produces the various shades and colors of the sky. 


ConcLuping Remarnks.—A few additional remarks and suggestions 
will fitly wind up this paper. It has been proved that in some states 
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of the weather the howitzer firing a 3-lb. charge commands a larger 
range than the whistles, trumpets, or siren. This was the case, for 
example, on the particular day, October 17th, when the ranges of all 
the sounds reached their maximun. 

On many other days, however, the inferiority of the gun to the 
siren was demonstrated in the clearest manner. The gun-pufls were 
seen with the utmost distinctness at the Foreland, but no sound was 
heard, the note of the siren at the same time reaching us with distinct 
and considerable power. 

The disadvantages of the gun are these: 

a. The duration of the sound is so short that, unless the observer 
is prepared beforehand, the sound, through Jack of attention rather 
than through its own powerlessness, is liable to be unheard, 

b. Its liability to be quenched by a local sound is so great, that it 
is sometimes obliterated by a puff of wind taking possession of the 
ears at the time of its arrival. This point was alluded to by Arago, 
in his report on the celebrated experiments of 1822. By such a puff 
a momentary gap is produced in the case of a continuous sound, but 
not entire extinction. 

ce. Its liability to be quenched or deflected by an opposing wind, so 
as to be practically useless at a very short distance to windward, is 
very remarkable. A case has been cited in which the gun failed to 
be heard against a violent wind at a distance of 550 yards from the 
place of firing, the sound of the siren at the same time reaching us 
with great intensity. 

Still, notwithstanding these drawbacks, I think the gun is entitled 
to rank as a first-class signal. I have had occasion myself to observe 
its extreme utility at Holyhead and the Kish light-vessel near Kings- 
town, The commanders of the Holyhead boats, moreover, are unani- 
mous in their commendation of the gun, An important addition in 
its favor is the fact that in fog the flash or glare often comes to the 
aid of the sound ; on this point the evidence is quite conelusive. 

There may be cases in which the combination of the gun with one 
of the other signals may be desirable. Where it is wished to confer 
an unmistakable individuality on a fog-signal station, such a combi- 
nation might with advantage be resorted to. 

If the gun be retained as one form of fog-signal (and I should be 
sorry at present to recommend its total abolition), it ought to be of 
the most suitable description. Our experiments prove the sound of 
the gun to be dependent on its shape; but we do not know that we 
have employed the best shape. ‘This suggests the desirabiltty of con- 
structing a gun with special reference to the produetion of sound." 

An absolutely uniform superiority on all days cannot be conceded to 
any one of the instruments subjected to examination ; still, our observa- 


1 The Elder Brethren have already had plans of a new signal-gun laid before them by 
the constructors of the War Department. 
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tions have been so numerous and long-continued as to enable us to come 
to the sure conclusion that, on the whole, the steam-siren is the most 
powerful fog-signal which has hitherto been tried in England. It 1s 
specially powerful when local noises, such as those of wind, rigging, 
breaking waves, shore-surf, and the rattle of pebbles, have to be over- 
come, Its density, quality, pitch, and penetration, render it dominant 
over such noises after all other signal-sounds have succumbed. 

Thave not, therefore, hesitated to recommend the introduction of 
the siren as a coast-signal. 

It will be desirable in each case to confer upon the instrument a 
power of rotation, so as to enable the person in charge of it to point 
its trumpet against the wind or in any other required direction, This 
arrangement was made at the South Foreland, and it presents no 
mechanical difliculty. It is also desirable to mount the siren so as 
to permit of the depression of its trnmpet fifteen or twenty degrees 
below the horizon. 

In selecting the position at which a fog-signal is to be mounted, the 
possible influence of a sound-shadow, and the possible extinction of the 
sound by the interference of the direct waves with waves reflected 
from the shore, must form the subject of the gravest consideration. 
Preliminary trials may, in most cases, be necessary before fixing on 
the precise point at which the instrument is to be placed. 

The siren, it will be remembered, has been hitherto worked with 
steam of 70 lbs. pressure or thereabouts; the trumpets have been 
worked with compressed air; and our experiments have proved that a 
pressure of 20 Ibs, yielded sensibly as lond a sonnd as higher press- 
ures. The possibility of obtaining a serviceable sound with this low 
air-pressure may render available the employment of caloric engines 
with trumpets; if so, the establishment of trumpets on board light- 
vessels would be greatly facilitated. The signals at present existing 
on board such vessels are exceedingly defective, and may be immeas- 
urably improved upon, There are, I am told, practical difficulties as 
to the introduction of steam on board light-ships; otherwise I should 
be strongly inclined to recommend the introduction among them of 
the Canadian whist!e. The siren would probably be found too large 
and cumbrous for light-vessels. 

The siren, which has been long known to scientific men, is worked 
with air, and it wonld be worth while to try how the fog-siren would 
behave supposing compressed air to be substituted for steam, Com- 
pressed air might also be tried with the whistles. 

No fog-stgnal hitheito tried is able to fulfill the condition laid down 
in a very able letter already referred to, namely, that “ ad fog-signals 
should be distinctly audible for at least 4 miles, under every ctreum- 
stance.” Circumstances may exist to prevent the most powerful sound 
from being heard at half this distance. What may with certainty be 
affirmed is, that in almost all eases the siren may certainly be relied on 
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at a distance of 2 miles; in the great majority of cases it may be relied 
upon at a distance of 3 miles, and in the majority of cases to a distance 
ereater thin 3 miles. 

Ilappily the experiments thus far made are perfectly concurrent in 
indicating that at the particular time when fog-signals are needed, the 
air, holding the fog in suspension, is in a highly-homogencous condi- 
tion; hence it is in the highest degree probable that in the case of for 
we may rely upon the signals being effective at far greater distances 
than those just mentioned. 

Tam cautions not to inspire the mariner with a confidence which 
may prove dclusive, When be hears a fog-signal he ought, as a gen- 
eral rule (at all events until extended experience justifies the contrary), 
to assume the source of sound to be not more than 2 or 3 miles dis- 
tant, and to heave his lead or take other necessary precautions, If 
he errs at all in his estimate of distance, it ought to be on the side of 
safety, 

With the instruments now at our disposal wisely established along 
eoasts, [ venture to think that the saving of property in ten years will 
be an exceedingly large multiple of the outlay necessary for the estab- 
lishment of such signals, The saving of life appeals to the higher mo- 
tives of hnmanity. 


In a report written for the Trinity House on the subject of fog-sig- 
nals, my excellent. predecessor, Prof. Faraday, expresses the opinion 
that a false promise to the mariner would be worse than no promise 
at all, Casting our eyes back upon the observations here recorded, 
we find the sound-range on clear, calm days varying from 24 miles to 
164 miles. It must be evident that an instruction founded on the lat- 
ter observation would be fraught with peril in weather corresponding 
to the former. Not the maximum but the minimum sound-range should 
be impressed upon the mariner. Want of attention to this point may 
be followed by disastrous consequences. 

This remark is not made withont eanse. T have before me a 
“Notice to Mariners,” issued by the Board of Trade, regarding a fog- 
whistle recently mounted at Cape Race, and which is reputed to have 
a range of 20 miles in calm weather, 30 miles with the wind; and in 
stormy weather or against the wind 7 to 10 miles. Now, considering 
the distance reached by sound in our observations, I should be willing 
to concede the possibility, in a more homogeneous atmosphere than 
ours, of a sound-range on some calm days of 20 miles, and on some 
light, windy days of 30 miles, to a powerful whistle; but I entertain a 
strong belief that the stating of these distances, or of the distance 7 
to 10 miles against a storm, without any qualification, is calculated to 
inspire the mariner with false confidence. T would venture to affirm 
that at Cape Race calm days might be found in which the range of the 
sound will be Jess than one-fourth of what this notice states it to be. 
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Such publications ought to be without a trace of exaggeration, and 
furnish only data on which the mariner may with perfect confidence 
rely. My object in extending these observations over so long a period 
was to make evident to all how fallacions it would be, and how mis- 
ehievous it might be, to draw general conclusions from observations 
made in weather of great acoustic transparency. 

Thus ends, for the present at all events, an inquiry which I trust 
will prove of some importance, scientific as well as practical. In con- 
ducting it I have had to congratulate myself on the unfailing aid and 
codperation of the Elder Brethren of the Trinity House. Captain 
Drew, Captain Close, Captain Were, Captain Atkins, and the deputy- 
master, have all, from time to time, taken part in the inquiry. To 
the eminent arctic navigator, Admiral Collinson, who showed through- 
out unflagging, and, I would add, philosophic interest in the investiga- 
tion, Lam indebted for most important practical aid; he was almost 
always at my side, comparing opinions with me, placing the steamer 
in the required positions, and making, with consummate skill and 
promptness, the necessary sextant observations. I am also deeply 
seusible of the important services rendered by Mr. Douglas, the able 
and indefatigable engineer; of Mr. Ayres, the assistant engineer; and 
of Mr. Price Edwards, the private secretary of the deputy-master of 
the Trinity House. 

The officers and gunners at the South Foreland also merit my best 
thanks, as also Mr. Holmes and Mr. Laidlaw, who had charge of the 
trumpets, whistles, and siren. 

In the subsequent experimental treatment of the subject I have 
been most ably aided by my excellent assistant, Mr. John Cottrell. 


APOPLEXY. 
Br J. R. BLACK, M.D. 


F there is any one disease that the diligent brain-worker, a little 
past middle life, has reason to fear, it is apoplexy. Although sta- 
tistical evidence is wanting, the experience of the physician con- 
firms the popular belief that more of our distinguished men are car- 
ried off by this disease, or by one of its sequels, paralysis, than by 
any other cause. The inflnences which tend to produce such a result, 
and the best means of avoiding them, are the objects we propose briefly 
to discuss. 

A middle-aged physician said one day to the writer: “ As I was 
walking down the street after dinner I felt a shock in the back of my 
head, as if some one had struck me; T have not felt well since. I fear 
I shall die, just as all my ancestors have, of paralysis. What shall I 
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do?” The answer was, “Diminish the tension on the blood-vessels, 
and there need be no fear of tearing them in a weak place.” Now, 
this expresses in plain terms the exact cause of apoplexy in the great 
majority of instanees ; and it is one, too, which every one has it in his 
power to prevent. A blood-vessel of the brain, from causes which 
will presently be mentioned, has lost some of its elastic strength ; food 
is abundant, digestion is good; blood is made in abundance, but little 
is worked off by exercise; the tension on every artery and vein is at a 
maximum rate; the even, circuitous flow is temporarily impeded at 
some point, throwing a dangerous pressure on another; the vessel 
which has lost its elastic strength gives way, blood is poured out, a 
clot is formed, which, by its pressure on the brain, produees complete 
unconsciousness. This is the apoplectic stroke. It will be perceived 
that there are two leading conditions upon which the production of 
the stroke depends: a lessened strength ini the vessel, and an increased 
tension on it. 

There are no vessels carrying blood to and from the various organs 
of the body which so frequently rupture as those in the brain. The 
causes that produce this result are the fatty degeneracy of the middle 
arterial coat of the cerebral vessels, whereby their elastic strength is 
much impaired, the great irregularity of blood distribution to the 
contents of the eranium, and the little support which the pulpy sub- 
stance of the brain gives to the weakened vessels embedded in it. 

The forms of degeneracy that are found in the arteries of the brain 
are the fatty and the ecaleareous, The microscope has made some 
startling revelations on this fatty decay. The strong, elastic fibres, 
that should make up the substance of the middle arterial coat, are, in 
places here and there, no longer to be seen, their place being occupied 
hy fatty globules, whieh have very little resisting power to a disturbing 
foree. 

The ehief causes which produce this stractural change are the 
habitual use of ardent spirits and tobacco, Every one is aware that 
the leading effeets of these agents on the body are such as show that 
the functions of the nervous system are more affected than any other; 
and the physician also knows that, when symptoms of disorder arise 
from their use, they are such as denote that the nervous system is 
almost alone implicated. Delirium tremens, insomnia, tremulous hands, 
and nervous headaches, are some of the characteristic effeets of the 
habitual use of stimulants and narcoties, 

Ardent spirits also tend to produce an over-fullness of the cerebral 
vessels, and to affeet the functions of the brain in a manner whieh 
strangely blends stupidity, brightness, and exhilaration, Effects so 
unnatural, and so frequently ending in disease, influence injuriously 
the nutrition of the nervous centres. And to interfere with the nutri- 
tion of any part of the body is simply to impair the life and power of 
its structure. The evidenees of this impairment may not be felt im- 
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mediately. In fact, the evidences of impairment by any bad habit are 
seldom apparent during the prime of youthful vigor. But the inis- 
chief is going on nevertheless, and the organ upon whieh the weight 
of infringement falls will be the one that will first manifest signs of 
disease, and through which death will make its conquest over the 
body. 

Besides this weakening of the vessels upon whieh the strong impulse 
of blood from the heart falls at the rate of sixty times a minute, and 
the very little external support such defective vessels receive from the 
soft and pulpy brain, there is another source of danger by a break, in 
the extraordinary ebbs and tides of blood to which the contents of the 
cranium are subject. During slecp the brain is almost bloodless; its 
substance seems to shrink into a lifeless mass; but the moment that 
wakefulness ocenrs it swells ont, gets red, its arteries and veins becom- 
ing distended with a great tide of blood. No other part of the body 
is subject to such droughts and floods in its blood-eirculation. This 
inequality is yet further increased by severe mind-labor. The ardent 
student is well aware that deep thought heats the head and cools the 
feet. The brain is then reeciving more than an ordinary supply of 
blood and the feet less. 

The first apoplectic stroke, as a rule, is not a severe one. Some- 
times the condition of the cerebral circulation is simply that of active 
congestion ; but more commonly a little blood escapes by a tiny vent, 
the shock to the system slows and enfeebles the action of the heart, the 
distention of the ruptured vessel is thus lessened, the escape of blood 
ceases, and Nature, by means of a slight inflammation, heals the part 
torn, and in due time removes the blood-clot by absorption. 

The process by which a weakened blood-vessel is rnptrred by in- 
ternal distention may be illustrated by observing the effect of attenpt- 
ing to force through an old water-hose attached to a fire-engine a large 
and rapid stream of water. The weakness of the hose is first shown | 
by the escape of tiny jets of water; but by-and-by a larger vent occurs, 
alowing the water to eseape in a flood. Just so it is with the progres- 
sive weakening with the blood-vessels in the brain—the escape of blood 
is at first small; then, under a greater tension than ordinary, a larger 
rent is made, allowing the blood to escape in hopeless profusion. It 
was probably these well-known features of apoplectic strokes that led 
the great Napoleon’s medical adviser to make his celebrated reply in 
reference to this disease, of which the emperor stood in great dread: 
“Sire, the first attack is a warning, the second a summons, the third a 
summons to execution.” 

Those who have a family tendency to apoplexy and are desirous to 
escape it, will, of course, avoid all the causes above referred to, espe- 
cially those which tend to destroy the elasticity and strength of the 
blood-channels in the brain, or, in other words, to weaken the structure 
and life of those parts. But suppose, as is too often the case, that the 
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yery sort of life has been led and the very habits indulged in which are 
most likely to produce a weakness and fragility in the coats of the 
vessels of the brain. What is to be done? Clearly to diminish and 
keep the tension on these vessels by the blood at a low rate all the time. 
As remarked at the commencement of this article, this is fully in our 
power by cutting off the supplies. A prudent fire-engineer, when his 
water-hose are old and weak, would not try to force as much water as 
he could into them. No; to prevent a rupture he would work them 
at alow pressure. But men seldom think of carrying out the same 
simple mechanical principle when there is reason to believe that the 
vessels of the brain are getting weak and brittle. They eat and drink 
just as much as they feel inclined to, and sometimes a little more, 
With a good digestion, nearly all they consume is converted into 
blood, to the yet further distention of vessels already over-distended. 
This high-pressure style of living produces high-pressure results. Its 
effects were painfully illustrated by the death of Charles Dickens. 
The brain-work he performed was immense; he lived gencrously, 
taking his wine as he did his meat, with a liberal hand. He disre- 
garded the signs of structural decay, forcing his reluctant brain to do 
what it had once done with spontaneous ease, until all at once, under 
a greater tension than ordinary, a weak vessel gave way, flooding 
the brain with blood. 

Medical writers on this disease all refer to the fact that a stroke 
of apoplexy quite frequently occurs jnst after eating a full meal. The 
experience of physicians also is that violent attacks of vertigo often 
attend a deranged or inactive condition of the liver. To explain in 
detail the causes of an unusual pressure of blood on the brain from 
certain states of the digestive organs would be somewhat tedious. 
Suffice it to say that it is produced by what may be termed a back- 
water action of an obstruction to the circulation of the blood, whereby 
distention occurs in one of the most distensible of the internal organs 
of the body, the brain. We have already stated that the distribution 
of blood to the brain is the most irregular in the body ; that its blood- 
vessels are subject to be weakened by improper habits, and that the 
pulpy cerebral substance gives very little if any support to a weak 
yesse] in it, so that all the conditions favorable to a rupture by a little 
more distention than ordinary very frequently coexist. 

A not uncommon condition of the arteries of the brain, especially 
at its base, in those far advanced in years, is the displacement in 
places of the middle coat by lime-particles, which, of course, renders 
them easily torn. So far as known this condition is ineurable, as well 
as unpreventable. It is one of the changes of structure incident to 
very old age, The only measure that can be relied upon to prevent 
arupture under such ¢onditions is to be cautious about distending 
them with blood, This is, in fact, the great fundamental principle of 
prevention when the vessels of the brain are weak from any cause. 
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To effect this, certain regulations in eating and drinking are far 
better preventives than any medicine, or even occasional bleedings. 
The latter method is particularly unsafe. After bleeding from the 
arm, new blood is often made more rapidly than under other ciremn- 
stances, and so may become, before a person is well aware of it, very 
abundant, with a dangerous pressure on the weak vessels. The sub- 
ject of such a practice is very apt to rely on the abstraction of blood 
for safety, and take no care otherwise of himself. Besides, he has no 
accurate means of knowing when the pressure of the blood is becom- 
ing dangerously great. The periodical bleeding from piles is a very 
different matter. They often act asa safety-valve to the high pressure 
from within, and regulate themselves on mechanical principles. Full- 
blooded persons, past middle life, and with a predisposition to apoplexy, 
should never try to remove such a satety-valve. 

As soon as old age puts a decided check on the amount of daily 
exercise, it is time to put a decided check on the amount of food daily 
consumed, If the supply of new matter is greater than the waste of 
the old, an accumulation of surplus blood must be the result. The 
principle is an important one, yet it is little known and less practised. 
Men well past middle life, who do not exercise half as much as in their 
younger years, often eat as freely of highly-nutritions food as they 
ever did. Such a course is very dangerous, The tension on the 
vascular system must not be increased, but diminished, if the risk of 
an apoplectic stroke would be avoided. 

The kind of food best adapted to keep down superfluous blood is 
the vegetable. Animal food makes blood with dangerous rapidity, 
nearly all its substance dissolving for this purpose in the stomach. 
Laboring-men, however, may eat of animal food in moderation, as the 
exercise of their muscles wastes their substance largely, requiring a 
good deal of blood to make up for the wear. 

The amount of vegetable food shonld not be so great as in middle 
life. The true rule is, not to eat to entire satiety. Even those of 
younger years and sedentary habits will feel lighter and better in 
every way by leaving the table a little hungry. 

All strong liquors are unsuited to those with an apoplectic ten- 
dency, One of their prominent effects, as we have seen, is to canse a 
degeneration in the coating of the blood-vessels, and another is to 
move more blood than ordinary upon the brain. 


710 THE POPULAR SCIENCE MONTALY., 


ON THE CORRECTNESS OF PHOTOGRAPHS: 


By Dr. HERMANN VOGEL, 
PROFESSOR IN THE ROYAL INDUSTRIAL ACADEMY OF BERLIN. 


N the previous chapters we have become acquainted with the de- 

- velopment and the theory and practice of photography, and have 
mentioned cursorily various of its applications. It is our present pur- 
pose to give special attention to one point which is of great import in 
judging of the value of a photograph. 
Most persons have a fancy that the application of photography is 
always uniform, whatever may be the object to be taken, and, there- 
fore, that a photographer who can take a portrait must be able to 
take equally well a machine, a landscape, or an oil-painting. This 
results from the erroneous notion that the picture makes itself when 
the photographer opens and shuts the lid, Bunt our readers know 
already that the picture does not make itself, but that it must be first 
developed, brought out, fixed, and copied. In all these operations 
there is no precise measure or rule how long the photographer should 
expose to the light, develop, fortify, copy, and tone the picture. This 
depends on his option and judgment; and he is able at pleasure to 
bring out the picture more or less in detail, according to the time of 
exposure, Again, he ean make it more or less brilliant, according to 
the degree of strengthening ; he can make it more or less dark, ac- 
cording to the mode of imprinting; more or less blue, according as 
he tones it down, But what is it that directs his judgment to deter- 
mine if the picture is correct or not? It is Nature, and Nature alone! 
He must know Nature, and compare it with his picture. Nor is this 
sasy. Nature appears positive to him, but in the picture she appears 
first negative ; and, if he compares the two, he must be able in his 
mind to convert the picture, that is, to change it and represent it as a 
positive, which it is afterward to become. More comparing and study 
is required to do this than is generally supposed. 

If two printed proofs-are presented to 2 man who is ignorant of the 
art of printing, one of the sheets in question being well and the other 
ill printed, if the defects be not too glaring, this person will not be 
able to detect any difference between the proofs. Far otherwise is it 
with the practised eye of the printer, who immediately detects that in 
one proof the type is too thick, or thin, or leaded, or that the letters 
are faint, or blotched, or uneven, In like manner, a practised eye is 
needed to judge a photograph—an eye not only able to detect the 
finest details of the picture, but also the peculiarities of the original. 
The unprofessional man often uses the expression, “I have no eye for 


1 Abridged from the “ Chemistry of Light and Photography,” No, XIV. of the “ In- 
ternational Scientific Series.” 
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it ’—that is, “I am not aceustomed to see such things ’—and it is in 
this manner that we first discover how imperfectly we use this, the 
most perfect of our senses, 

Aman born blind, and who receives his sight by an operation, 
cannot at first distinguish a cube from a ball, or a cat from a dog. 
Ie is not accustomed to see such things, aud must first exereise his 
eyes and learn to see. 

We, also, though in possession of sound organs, are blind to all 
things that we are not accustomed to sce; and this fact is most ap- 
parent in art, as also in photography, so closely related to it. 

If photographers principally engaged in taking portraits are not 
able to produce a good landscape, the reason of this is that they have 
no eye for landscape—that they consider a pieture to be good after 
too short an exposure, or when imperfectly developed and strength- 
ened, or when inaccurately printed. It proeeeds from their not know- 
ing the influence exercised by the position and intensity of the sun on 
the aérial perspective produced by clouds, without speaking of other 
points of less importance. 

Thus every class of subjects requires a special study, though the 
manipulation of photography remains in all cases the same; therefore, 
there are photographers whose proper provinee is portraits, and others 
devoted to landscapes, to the reproduction of oil-paintings, ete. 


The remark is frequently made by admirers of photography, that 
this newly-invented art gives a perfeetly truthful representation of 
objects, understanding by the term truthful a perfect agreement with 
reality. Photography can, in fact, when properly applied, produce 
truer pictures than all other arts; but it is not absolutely true. And, 
as It is not so, it is important to become acquainted with the sources 
of inaccuracy in photography. Many exist. J shall treat here es- 
pecially of optical errors, 


A B 


Fie. 1. 


The lenses which are employed in photography do uot always give 
absolutely true pictures. Suppose, for example, that a simple lens re- 
ceives the impression of a square; it often represents it with curvilinear 
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sides, as in the diagrams A, B, C (Fig. 1), though with a feebler 
outline. A picture thrown off quite out of drawing by such a lens, in 
which straight lines turn out as curves, is evidently inaccurate. The 
inaceuraey may not be felt by many, but it exists. It may perhaps 
be expected that this defect disappears in the case of what are called 
correct lenses, but let the attempt be made to obtain a view with 
these correct lenses of lofty buildings taken from a low position. The 
lines that ought to be perpendicular commonly converge upward. 
This is caused by the photographer being obliged to direct his instru- 
mnent at an acute angle upward, in order to be able to take in a view 
of the whole building, In doing this, perpendicular lines project 
themselves, converging upward. To avoid this defect, lenses have 
been made with a very large field of view. These are called panto- 
scopes. But these reproduce distant objects apparently on a very 


Fia. 2. 


small seale, and objects near at hand on a very large scale—peculiar- 
ites unnoticed by unprofessional persons, but detected by close ob- 
servers of Nature. 

A remarkable phenomenon, exciting the wonder of the uninitiated, 
is the distortion of spheres in photography. Let the reader imagine 
arow of cannon-balls; these will always appear balls to us, and the 
artist will always draw them as a circle. But, if they are taken 
through a lens with a large field of view, the balls situated near the 
rim of the lens no longer appear cireular, but elliptical. 

To explain this phenomenon, we must attend once more to the 
mode in which the picture is produced. Let it be conceived that 
there are three balls, 4 B C, in front of a camera, A, with the lens 0 
(Fig. 2). Each ball projects a cone of rays on the optical centre of 
the lens, This is continued within the camera, and cuts the surface 
of the picture, if its axis falls obliquely upon it, in the form of an 
ellipse, such as A C. Only, if the axis of the cone of rays is perpen- 
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dicular to the surface of the picture 8 S, as at B, the picture appears 
acirele. Tadmit that this defect only occurs when the field of view 
of the lens is very large, and the balls are situated very near its rim. 

A photographer brought to the author the pieture of a castle hav- 
ing a row of statues in front of it, which he had taken with a lens 
having a large ficld of view. Singularly, the heads of the statues 
toward the margin beeame continually broader, and similarly their 
bodies ; and the slim Apollo-Belvedere, who unfortunately stood on 
the very edge of the margin, had such full-blown cheeks and so pro- 
tuberant a paunch that he looked like Dr. Luther. 

But, quite independently of these considerations, there is another 
point that must materially affect the accuracy of photographie repre- 
sentation. Photography generally gives the light parts too light, and 
exaggerates the dark shadows. This is a fundamental error which is 
associated with their very uature, and which it is very difficult to 
avoid, It is seen in the most evident manner in taking objects lighted 
by a brilliant sun; for example, a statue. If the exposure is short, a 
detailed picture is obtained of the light side, but the shady side is a 
black daub or blotch. Ifthe exposure is long, the shady side is full 
of detail, but the light side exposed too much, and so thickly covered 
that the details are wanting in it. Hence photographers are often 
driven to subterfuges if they wish to obtain a correct picture; they 
are obliged to mitigate the contrasts—to make the light more toned 
down, and the shades lighter than painters are wont to make them. 
The latter often exclaim when they see the photographie exposure of 
a model, and wonder if the picture will be correct. And no doubt, in 
the case of landscapes and arehitecture, the results are not always 
satisfactory. 

The author once took a photograph of the interior of a laboratory. 
It presented the appearance of an ordinary vaulted hall. All was 
quite excellent. The tables, stones, retorts, lamps, ete., were all seen, 
only the vaulted eciling was quite dark. New attempts were made, 
with exposures of twenty, thirty, or forty minutes, At length a trace 
of the vault appeared ; but now the objects in the vicinity of the win- 
dow were suffering from too much exposure; that is, they had become 
as white as if they had been snowed over. This circumstance of pho- 
tography exaggerating the dark parts appears again in very simple 
matters, such as the reproduetion of copper-plates. A photographer 
once reproduced a painting of Kaulbach’s “ Battle of the Huns.” He 
produced a charming photograph, but the city in the background ap- 
peared too thick and black, and not sufficiently toned off. The cus- 
tomer refused the photograph and demanded another. The photog- 
rapher made another attempt, giving a longer exposure, and now 
the distance appeared softened down; but, unfortunately, the objects 
close at hand, which had to appear black and clear, turned out gray. 
In the end, the photographer escaped from the difficulty by negative 
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vetouche, These are quite ordinary examples to show how difficult it 
is to reproduce an object correctly. 

But we come now to the worst point, that of color. Photography 
gives the cold colors—blue, violet, and green—too light, and the 
warm colors too dark. ‘Take as an instance the photographs on sale 
of “Sunset on the Ganges,’ by Hildebrandt, It represents a red 
glowing sun, with clonds of chrome-yellow on an ultramarine sky. 
But what becomes of all this in the photograph? A black round 
disk between black thunder-clouds. It looks like an eclipse at Aden. 
The difficulty of representing Nature is still more patent when the 
photographer attempts to grapple with higher artistic questions. Let 
us take an example. There exists a pretty genre picture called “A 
Mother’s Love.” A mother sits reading in an arm-chair; her little 
darling embraces her suddenly from behind, and, delightfully sur- 
prised, she drops her hand with the book, turns to look at her little 
pet, and offers her cheek to the little boy to kiss. 

A photographer was inspired with the idea of producing a similar 
picture with the help of a living model. Ue found a comely maiden, 
who agreed to personate the mother, and a good-looking boy was also 
found. An arm-chair for the mother, a chair, and other suitable fur- 
niture, were easily procured. The next point was the grouping. The 
pseudo-mother was very accommodating to the requirements of the 
photographer, aud even assumed a look which, for want of a better, 
might pass as the expression of a mother’s love. But the boy was 
not of the same mind. He was by no means attracted by the pseudo- 
mother—he protested against coming near her, and a good cuff was 
needed to make him take up the requisite position. Time was thus 
lost. The mother began to feel uncomfortable in the irksome position, 
straining her neck. The photograph was taken at last, and turned 
out sharp and without spot or blemish, The models were dismissed, 
to their great satisfaction, What was the result? The boy was em- 
bracing his mother with a face bearing evidence of the cuff he had 
received, aud with a look as if he would have liked to murder her; 
and she regards him with an expression that seems to say, “ Charles, 
you are very unmannerly,” and appears greatly annoyed that her 
pleasant reading has been interrupted. Can it be said that a picture 
of this kind correetly expresses the intention of the artist ? Does the 
picture thus produced correspond aceurately to the legend, “A Moth- 
er’s Love?” The untruthfulness of such a picture will be evident to 
every one, 

Thousands cf pictures of this class are offered for sale. About ten 
years ago errors of this kind were committed by the thousand in 
stereoscopic views, and if they meet with approval this must be re- 
ferred exclusively to the bad taste of the public. But it may be said 
in this case it is not the photographer who is guilty, but the unwill- 
ing models, 
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Nevertheless, it is this very cireumstance that throws such immense 
difficulties in the way of taking good photographic portraits. Many 
persons by no means wish that their characters should be correctly 
given, The rascal wishes to appear an honorable man in his picture; 
tottering old men desire to appear young, foppish, and lively; the 
maid-servant plays the fine lady in the atelier ; the tradesman’s 
daughter would be a court lady, the street-sweeper a gentleman. 
Thus the picture serves them only as a means of flattering their per- 
sonal vanity; and, in order that these pecple may appear very noble 
and distinguished, they put on a Sunday’s dress, often borrowed and 
avery bad fit. They practise at home, moreover, before their look- 
ing-glass, in the presence of papa, mamma, wife, or lover, impossible 
attitudes in an artistic point of view. Even cultivated persons are 
not exempt from these absurdities. Thorwaldsen relates of Byron, 
who gave hima séance, “He sat down opposite to me, but assumed, 
immediately I commenced, a perfectly different expression, I called 
his attention to this. ‘That is the true expression of my face,’ re- 
plied Byron. ‘Indeed, I rejoined, and then made his portrait exactly 
as I wished. All persons declared my bust to be an excellent likeness. 
But Lord Byron exclaimed, ‘The bust does not resemble me; I look 
much more unhappy. The fact was, that at that time he wished to 
look intensely miserable,” adds Thorwaldsen, The photographer 1s 
even in a worse ease. If Byron had come to a photographer, and had 
presented his face of misery to the camera, what could the photog- 
rapher have done? Tie is unfortunately dependent on the model, 
and many models leave him in the lurch at the critical moment, often 
not intentionally, but from nervousness or inadvertence. Much de- 
pends here on the influence of the photographer, who must know how 
to control his sitters with courtesy ; but many portraits fail withont 
any fault on his part. The author has often witnessed how persons 
of his acquaintance, at the moment of being taken, assume quite a 
strange expression without being in the least aware of it. 

There are still more characteristic cases of photographic inaccuracy 
which cannot be attributed to the models. Let us suppose that a 
photographer, stimulated by the beautiful pictures of Claude, Schirmer, 
and Hildebrandt, wished to photograph a sunset. He evidently can 
only expose his plate for a moment to the dazzling bright sun, What 
sort of a picture is the result? A round white blotch and some shining 
clouds around it. That is all that appears clearly, All objects in the 
landscape—trees, houses, and men—have had too short an exposure, 
and form a black mass, There, where the cye clearly distinguishes road, 
village, forest, and meadow, it sees in the photograph nothing but a 
dark patch without any outline. Is such a picture true? Even the 
most fanatical enthusiast of photography will not dare maintain this. 

Such cases, where violent contrasts of light and shade make the 
production of a correct picture quite impossible, are countless in 
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number. Let any one examine the majority of the photographs 
of the white Royal Monument in the Thiergarten at Berlin. The 
monument is excellently given, but the background of trees is a con- 
fused black mass, withont details, without shades of tone; the archi- 
tecture and other features are there, all except the splendid foliage 
that delights the eye at that spot. Still more numerous are the pho- 
tographs of rooms, in which the dark corners, quite discernible to the 
eye, present nothing but pitehy-black night. There are other cases, 
besides these, of photographic incorrectness, 

Suppose we are looking at a mountain landscape. A small village, 
inclosed on both sides by woody hills, occupies the centre, its houses 
extending along the deelivities and scattered picturesquely among the 
trees, A ridge of finely-broken mountains in the background, their 
summits shining in the setting sun, frames in the wonderful picture, 
whose effect is only injured by one object—a ruinous pig-sty close to 
the spectator, with a dung-heap beside it. A painter, wishing to paint 
this scene, would certainly have no seruple about altogether leaving out 
the pig-sty, or leaving it so indistinet and dark that it would not injure 
the landscape. But what is the photographer to do? He cannot pull 
down the offending object. Te seéks another position; but there the 
greater part of the landscape is concealed by trees. He ends by ad- 
mitting the pig-sty, and what kind of picture is the result ? On account 
of its vicinity, the pig-sty appears of colossal size in the picture. On 
the other hand, the landscape, which is the principal thing, appears 
small and inconsiderable. A still more fatal adjunct is found in the 
dung-heap occupying almost one-fourth of the picture. As the most 
brightly-lighted part of the photograph, it immediately attracts the 
eye of the beholder; it diverts his glance from other important points ; 
it acts as a disturbing influence. The photograph obtained does not 
appear as a picture of the landscape, as it ought to be, but as a view 
of the pig-sty! The accessory has become the principal point. The 
picture is untrue. It is untrue, not because the objects it represents 
were not present in Nature, but because the accessories are presented 
too glaringly and too large, while the principal parts appear too small, 
indistinct, and inconsiderable. 

This brings us to a weak point in photography, which represents 
aceessorics and principal features as equally detined, The plate is 
indifferent to every thing, while the genuine artist, in reproducing a 
view of Nature, gives prominence to what is characteristic, and en- 
tirely keeps under or softens off accessories. He can dispose and 
inanage it with artistic freedom, and he has a perfect right to do so, 
because, by his giving prominence to what is characteristic, and drop- 
ping what is accessory, he is truer than photography, which gives 
equal prominence to both, and often more to what is accessory. 
Reynolds says of the portrait of a lady in which an apple-tree was 
most carefully painted on the background, “ That is the picture of an 
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apple-tree and not of a Jady.” Similar remarks might be made on 


seeing many photographs. It is a cardinal error in their case, that 
they give a stronger tone to accessories than to essentials. They pre- 
sent a conglomerate of furniture, and it is only after careful inspection 
that a man is detected sticking among it, whose portrait is to form 
the picture. In another case a qnilted white blouse is seen, and it is 
only after some time that a girl’s head is perceived rising above it. A 
park is seen in a landseape, with fountains and other adornments, and 
it is only after some time that a black coat is seen confounded with an 
equally dark bush. 

It may, perhaps, excite surprise that the writer ascribes greater 
truth to painting than to photography, which is generally regarded 
as the truest of all methods of producing pictures. It must be self 
evident that the remark has only been made in connection with works 
of the first masters. One of the great services of photography is that 
it has rendered impossible those daubs of inferior artists formerly 
offered for sale in every street. But the perfect picture of the photog- 
rapher is not self-created, He must test, weigh, consider, and re- 
nove the diffienlties which oppose the produetion of atrne picture. If 
his pieture is to be true, he must take care that the characteristic is 
made prominent and the accessories subordinate. The non-sensitive 
plate of iodide of silver cannot do this. It receives the impression of 
all that it has before it, aceording to unchangeable laws. The pho- 
tographer attains this end, on the one hand, by appropriate grouping 
of the original; on the other, by a proper treatinent of the negative. 
T admit that to do this he must also be able to deteet what is eharac- 
teristic and what accessory in his original. 

Therefore, whoever wishes to undertake any photographic produc- 
tion must first beeome familiar with the object that he wishes to take, 
that he may know what he has to do, The photographer will not, 
indeed, be able to control his matter, like the painter, for the disincli- 
nation of models and the optico-chemical difficulties often frustrate 
his best endeavors, and hence there must always be a difference be- 
tween photography and a work of art. This difference may be briefly 
summed np by saying that photography gives a more faithful picture 
of the form, and art a more faithful picture of the character, 


MANUFACTURE AND CONVEYANCE OF GUNPOWDER, 
By A. HILLIARD ATTERIDGE. 


LITTLE before five o’elock on the morning of the 2d of 

last October, a train of four barges was being towed by a 
steamer along the Regent’s Canal, in the northwestern district of 
London. The second of these barges was laden with a miscellaneous 
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cargo, packed in such a manner, and containing such elements, that 
the barge was really a very efficient kind of torpedo, In her hold 
there were about five tons of gunpowder and a quantity of benzoline 
in kegs. This benzoline may be described as a very volatile species 
of petroleum, At ordinary temperatures it gives off a highly-intflam- 
mable vapor, and this, when mingled with the air in certain pro- 
portions, becomes explosive—the explosion running through it at the 
rate of about two feet per second when it is confined ina tube. In 
the case of the barge on the Regent’s Canal, the cargo was closely 
covered with a tarpaulin, to protect it from the weather. From the 
moment, then, that this covering was put on by the bargemen, the 
vapor given off by the benzoline began to accumulate in the hold, and 
mingle with the air confined in the spaces between the various pack- 
ages of the cargo. Thus the hold gradually became filled with a fiery 
explosive atmosphere, and all that was wanted to produce an explosion 
was contact with flame. In the little cabin, at the stem of the barge 
a fire was burning, and there was an aperture in the bulkhead, or 
partition, which divided the cabin from the hold. Throngh this the 
benzoline vapor entered the cabin, and the air in it was soon as 
yitiated as that under the tarpaulin in the hold. It was ignited by 
the fire; the explosion, beginning in the cabin, ran forward in a few 
seconds to the bow, and fired the gunpowder stowed there. 

Every one knows what followed. Half London was awakened by 
the report, which was heard for miles around—to the northward as 
far as Finchley and Enfield, to the southward as far as Blackheath 
and Woolwich. Within a radius of from half a mile to a mile frona 
the scene of the explosion houses were wrecked, windows blown in, 
doors burst open, ceilings shaken down, ornaments and furniture 
dashed to pieces. A massive bridge over the canal was destroyed, for 
hundreds of yards its embankment was displaced, and the house 
which stood nearest to it was so shaken that it had to be pulled down 
next day. The effect was more like that of a severe shock of an 
earthquake than any thing else. Fortunately no lives were lost ex- 
cept those of the crew of the barge, but the destruction of valuable 
property was enormous. 

Much alarm has been caused not only in London but throughout 
the kingdom by this explosion in the heart of the metropolis, and it 
will have a useful effect in calling attention to the dangerous character 
of a material so largely employed as gunpowder, and the consequent 
necessity of carefully regulating its manufacture, storage, and trans- 
port, and seeing that these regulations are strictly enforced ; for, no 
matter how perfect our precautions may be in theory, they are worse 
than useless if we cannot sceure their practical efficiency. Without 
this, their only result must be to lull us into a false security. Gun- 
powder, and its manufacture and transport, are now subjects in which 
nearly every oné is interested ; and we purpose to devote the following 
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pages to an account of the nature and action of this explosive, its 
manufacture, and the principles involved in it, and, finally, its trans- 
port, and the precautions necessary for our security against explo- 
sions like that of last October. We shall describe the process of 
manufacture in use at the Government mills, as these are probably 
the most perfect and eflicient in the kingdom. 

Tifteen miles to the northeast of London, between the sluggish 
stream of the River Lea and the northern heights of Epping Forest, 
stands the little village of Waltham, famous for its old abbey, founded 
by the last Saxon King of England, and destined to be his tomb after 
the fatal field of Hastings. On both sides of the high-road beyond 
the village extends a wide tract of flat alluvial ground, traversed by 
the branches of the Lea, and rich in plantations of willow and alder, 
with here and there stately rows of poplars, A tall chimney-shaft, 
the roofs of scattered buildings, and a range of houses near the road, 
indicate that these well-planted fields are the site of the Royal Gun- 
powder Factory. 

The Waltham Abbey Mills are probably the oldest in Great Britain. 
They must have been established about the middle of the sixteenth 
century, for we know that before that time nearly all the powder used 
in England was imported from the Continent. But in 1561 we hear 
of John Thomworth, of Waltham, buying, as agent for Queen Elizabeth, 
saltpetre, sulphur, and staves for making barrels. In the following 
century the parish register shows entries of deaths resulting from 
explosions at the mills; and Fuller, who was Reetor of Waltham, 
alludes in one of his works to the dangers of the manufacture, re- 
marking that the mills were blown up five times during the seven 
years of his residence in the parish, The only wonder is, that ex- 
plosions were not far more frequent in the old factories, where the 
elaborate precautions now adopted were utterly unknown. Powder was 
allowed to aeenmulate in heaps on the floor, spirits of wine was used 
instead of water to moisten the ingredients, under the impression that 
it made better and stronger powder, and the drying process was 
effected by heating the powder on metal plates over a fire without any 
means of regulating the temperature. Finally, all the workrooms 
were close together, and often under a single roof, so that, if the 
powder in one room exploded, that in the rest would follow, like a 
boy’s train of crackers, 

Tt was in 1787 that Government bought the Waltham Mills from 
the last private proprietor, Mr. John Walton, supposed by some to 
have been a descendant of the family of old Izaak. Major (afterward 
Sir William} Congreve was the first superintendent. Horse and water 
power only were employed, most of the machinery was of wood, and 
the incorporating mills were, like mortar-mills at the present time, 
worked only by horses. Since then great improvements have been 
introduced into the manufacturing process; the factory has been 
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widely extended, gun-metal and copper have been largely substituted 
for wood in the structure of the machines, refining-houses have been 
erected for purifying the saltpetre and sulphur, and retorts for pre- 
paring the charcoal, Machinery has been designed and erected 
for the preparation of the large cannon-powder introduced of late 
years, and in the mills iron runners, driven by steam, have taken the 
place of the stone runners, drawn by old horses. A complete code 
of rules and precautions has been introduced, and every building 
protected by a system of lightning-conductors. The factory gives 
employment to about two hundred men, and can produce twenty-four 
thousand barrels of gunpowder in the year, and the powder is believed 
to be at once the best and cheapest made by any existing factory. 

Before describing the process of its manufacture at Waltham, it 
may be as well to note a few facts on its composition and action. 
Gunpowder may be regarded as a solid, which, by ignition, can be 
very rapidly converted into a large volume of gas at a high tempera- 
ture. It is this quality which constitutes it an explosive, for the sud- 
den expansion is what we call explosion, thongh the name is some- 
times given to the loud report which accompanies it, caused by the 
outrush of the gas generating sound-waves in the air. When the ex- 
plosion occurs in a confined space, the weakest portion of the confin- 
ing bodies gives way before it. In quarrying, the rocks are rent, as 
the gas from the blasting-powder forces them apart. In blowing 
down walls and gates, the mass of earth heaped on one side to form 
the “tamping” offers a greater resistance than the wood or stone on 
the other, and the wall or gate gives way. In firing a cannon, the 
loose shot offers less resistance than the solid coils of the gun, and it 
is driven out to a distance proportioned to the foree of the charge. 
If there is any defect impairing the strength of the cannon, or if the 
shot wedges in the bore, the gun bursts; for nothing we know of 
can resist the force of the gas, Reeent experiments prove that this 
force, exerted in closed vessels unrelieved by expansion, Is equal toa 
pressure of about forty tons on the square inch, 

Of the three materials of which gunpowder consists—sulphur, 
charcoal, and saltpetre—only the last two are, strictly speaking, essen- 
tial to it. The gas is actually generated from the charcoal and salt- 
petre, therefore a mixture of these only will explode, On ignition the 
charcoal decomposes the saltpetre, its combustion being supported by the 
oxygen of the latter, in combination with which it forms earbonic-acid 
gas, and this, mixed with the nitrogen from the saltpetre, is the gas 
which produces the useful effect. But, when gunpowder is thus made 
with saltpetre and charcoal only, the power developed by the explo- 
sion is comparatively trifling, and sulphur has to be added to increase 
it to such an extent as to make it really efficient. The sulphur acts in 
two ways to this end, Jn the first place, it ignites at a lower tempera- 
ture than either charcoal or saJtpetre, and its combustion accelerates 
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both the decomposition of the saltpetre and the generation of gas, by 
combining with the potassium of the saltpetre and Hberating the oxy- 
gen. Then, by heating the carbonic acid and nitrogen, it considerably 
increases their volume, and consequently their explosive foree, The 
flash, and smoke, and the fouling of the gun, are the result of the de- 
composition of the saltpetre, and consist of sulphates and carbonates 
of potassa, resulting from the combination of potassium with the sul- 
phur and carbon, The substances thus formed, swept out into the air, 
become flame and smoke, or remain in the bore of the enn as fouling, 
and it is these solid substances that blaeken the faces of men engaged 
in close conflict. — 

Thus we sce that of the materials of gunpowder saltpetre is the 
niost important. Both saltpetre and sulphur arrive in Eugland in a 
rough state, mixed with various impurities. It is generally the prac- 
tiee in private factories to purchase these materials after they have 
been retined elsewhere; but at Waltham the refining process is carried 
on within the works. By this means the materials are obtained of a 
uniform quality and perfectly pure, The saltpetre comes from various 
districts of India, chiefly from Bengal and Oude, where it is found 
mixed with the soil, and as an inecrustation on the ground. In India 
it is boiled, and roughly-erystallized by evaporation, When it is re- 
quired for use in the Gunpowder Factory, it is purified by a process 
founded on the principle that hot water will receive in solution more 
of the saltpetre than of the impurities mingled with it. The saltpetre 
is boiled in water; the resulting solution is then filtered and allowed 
to cool in large vats, at the bottom of which the pure saltpetre is de- 
posited in fine erystals, It is then washed, dried, and stored im bins, 
great care being taken that no sand or gritty particles are introduced, 
as they might cause an explosion when under pressure at subsequent 
stages of the manufacture, and the same precaution is taken with the 
sulphur and the charcoal. It is believed that many of the explosions 
which occur in private factories are caused by foreign substances being 
present in the materials. 

The sulphur is allof the best quality, imported from Sicily. It is 
purified by a distilling process, which rednees it from its rough state 
to masses of handsome yellow crystals. It is then pulverized by being 
ground under iron ranners, and sifted in a kind of revolving cylindri- 
eal sieve, called a “slope-reel.”? The sulphur refining-house is, of the 
whole factory, the least pleasant portion for a visitor, the air being 
always tainted with the fumes of the sulphur, which are so strong as 
even to burn and destroy the leaves of the trees near the building. 
The management of the process is, however, by no means an unhealthy 
labor. The workman last employed at it died as a pensioner at the 
ripe old age of eighty, after having worked forty years in the refining- 
honse. 

The charcoal is all made on the spot, chiefly from wood imported 
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from Holland and Germany. The alders and willows in the planta- 
tions of the factory furnish but an insignificant supply, probably not 
enough to make a dozen barrels m the year, They are grown for the 
most part to form sereens around and between the honses, so as to di- 
minish the danger resulting from a possible explosion. The wood em- 
ployed is of three kinds—alder and willow, which are used for common 
powder, and black dogwood for fine rifle-powder for the Snider and 
Martini-llenry. The latter wood is really a kind of buekthorn (AAam- 
nus frangula), of slow growth, and consequently close grain, which 
forms dense thickets in the forests of Germany, and is also found in 
the north of England and elsewhere. It is imported in bundles of 
slender rods about six feet long, and enormous quantities of these 
bundles may be seen stacked in the fields of the factory. There it is 
kept for at least three years, though generally it is allowed to lie in 
store for a much longer time. Some wood has been kept for twenty 
years, protected from the weather by a roof of thatch, and is still per- 
fectly sound. Strange to say, comparatively little dogwood is nsed in 
the powder-factories of Germany, thongh it is qnite certain that it 
supplies the best charcoal for the purpose.t The old plan for charring 
wood was to burn it in pits, and this is still the practice abroad, but 
for many years the chareoal at Waltham has been manufactured by 
sawing the wood into short lengths, and packing it into iron cylinders 
called “slips,” which are placed on a small carriage, and run into a 
retort very like those used in gas-works. Here the slip 1s exposed to 
the flames for a period varying from two and a half to three and a half 
hours, the gas issuing from the wood in the process being utilized as 
fuel; and the superintendent of the work knows when the wood is 
completely charred, by the peculiar color with which the combustion 
_of the gas tinges the fire. As soon as this appears, the slip is with- 
drawn and cooled. The charcoal when taken out is ground in a ma- 
chine like a colossal coffee-mill, and then, like the sulphur, sifted in a 
slope-reel. 

The three ingredients are now ready for the regular process of 
mannfacture to be commenced. Up to a certain, point (the formation 
of the “ press-cake”) the process is the same for whatever purpose the 
gunpowder is intended, but at that point it divides into two branches, 
according as it is to be used for heavy guns or smaller weapons. We 
shall, therefore, first trace the various stages of the manufacture up to 
the press-house, and then explain the method of making the varions 
kinds of gunpowder, and the objects desired to be obtained by these 
modifientions, 

1M. Proust’s experiments on charcoal, mate from various woods, give the following 
results: 12 grains of chareoal of each wood, mixed with 60 grains of saltpetre and ig- 
nited, yielded the following proportions of gas in cubic inches: Dogwood, 80 to 84; 
willow, 76 to 78; alder, 74 to 75; filbert, 72; fir, 76; clm, 62; oak, 61 to 63. The im- 
portance of not overheating the wood is shown by the fact that, when the charcoal con- 
sisted of overheated willow, the yield of gas was only from 59 to 66 cubic inches, 
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The first process is that of simply mixing the ingredients, For 
this purpose the proper quantities of each are accurately weighed out, 
allowance being made for a certain amount of moisture in the salt- 
petre. The proportions vary in different countries, and according to 
the purpose for which the gunpowder is to le used. For English 
Government powder of every kind it is—saltpetre 75 parts, sulphur 
10, chareval 15, the sulphur being reduced almost to a minimum, as 
its chief use is only to ignite the charge and accelerate its action, In 
France and Prnssia the quantity of sulphur is larger, the seale being 
saltpetre 75 and 12.5 parts each of sulphur and chareoal, while in 
Chinese powder the amonnt of sulphur is between 14 and 15. It is 
remarkable that in all countries the proportion of saltpetre remains 
about the same. 

The ingredients, being weighed for a charge of 50 pounds, are poured 
intoa “churn.” This is a revolving drum, placed horizontally, and 
having within it an axis revolving in a different direction from the 
drum, and furnished with eight rows of projecting arms, or “ fliers.” 
So rapid is the action of this apparatus, that when the charge has been 
three minutes in the revolving churn the ingredients are thoroughly 
mixed together, It is then known as a “ green charge,” and is ready 
for the incorporating mills, the object of which, as the name indicates, 
is to incorporate the materials, or to make the mixture so intimate 
that a new substance is produced, namely gunpowder, 

The incorporating-houses at Waltham contain at present thirty-two 
separate mills. Hach mill consists of a pair of runners, conpled to- 
gether by a strong axle, This axle rests in the socket of an upright 
shaft, which, passing down through the mill-bed, is connected by 
bevel-wheels with a revolving horizontal shaft, driven by steam or 
water-power. The runners are either of black Derbyshire limestone 
or of iron, and weigh from three and a half to four tons, Tron runners 
are now generally used, and their size varies from three and a half to 
seven feet in diameter. The mill-bed, a large circular vat with a flat 
bottom and sloping sides, is of stone or metal, according to the ma- 
terial of the rnnners. On this bed 50 pounds of the green charge is 
spread ont and moistened with water, and the mill is then set going. 
The length of time required for the incorporation of the powder varies 
according to the use to which it is to be applied. Thus cannon-pow- 
der is left under the mills for three hours; while for rifle-powder, 
which requires a closer incorporation on account of its more rapid 
action, the time is five hours. The power of a gunpowder-factory is 
measured by the number of pairs of runners it possesses, for, as the 
law allows no more than 50 pounds to be placed in any mill at one time, 
the amount which can be incorporated in a year is easily calenlated. 
A pair of iron runners, driven by steam and working day and night, 
will incorporate in a year nearly 100,000 pounds of cannon-powdey, or 
about half that quantity of rifle-powder. 
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This part of the process is more dangerous than any other, and 
explosions in the incorporating-mills are very frequent. The houses 
are built of light planking, nailed on a strong framework, so as to 
diminish the force of the explosion by yielding easily before it. The 
men are forbidden to remain in them while the mill is in motion, and 
a very simple arrangement has been devised for preventing an explo- 
sion from extending from one mill to another. A shaft runs horizon- 
tally through the upper part of the walls of each row of mill-houses. 
A shintter, balanced by a weight on the other side of the shaft, pro- 
jeets from it over each mill, and this shutter supports one side of a 
water-tank, the other resting on a pivot. Now, if an explosion takes 
place in any of the mills, the shutter above it will be blown up, turn- 
ing the horizontal shaft, and raising all the shutters attached to it ; so 
that the tanks, being left unsupported, turn over, and drench the con- 
tents of the mill-beds below, 

On leaving the mill, the gunpowder is in the form of a soit cake, 
which easily breaks up into meal and dust. The old plan for making 
gunpowder, still followed in some places, was to moisten this mill-cake 
and force it through fine sieves, so as to break it into grains; but the 
moisture partly dissolved the saltpetre, and thus, to some extent, de- 
stroyed the previous incorporation, and the result was an inferior gun- 
powder, which, on account of the softness of the grains, often broke up 
into dust in transport. In the modern process, the mill-cake is first 
presssd in layers between plates of copper or gun-metal, to increase its 
hardness and density, and then made into grains of the required form 
by machinery. As a preparation for the press, the mill-cake is rough- 
ly broken down into meal and dust by being passed between grooved 
gun-metal rollers. It is then ready to be poured into the press-box. 

This is a large box of gun-metal, lined with oak, and capable of 
holding about 800 pounds of powder. The sides are hinged to facilitate 
unloading, and by means of a small crane it can be swung into or out 
of the hydraulic press. To be loaded it is turned on one side, a wood- 
en cover placed on the top, and the uppermost side is turned back on 
its hinges. Then, by means of gun-metal racks, the plates are 
arranged in the box, with the proper intervals between them to pro- 
duce a thick cake for cannon-powder, or a thin one if rifle powder is 
to be made. The powder-meal is then poured in between the plates, 
the racks withdrawn, the side closed and bolted down. It is then 
swung by the crane on to the table of the press, and the cover taken 
oft. The press is an ordinary hydraulic one; the table which supports 
the box is placed on the head of the ram, and as it rises a block of oak 
fixed overhead enters the box, and presses the powder, the amount of 
the pressure being measured by the extent to which the block enters 
the box. ‘The pumps which supply the press with water are fixed in 
an adjoining room, and worked by a water-wheel; and, in order that 
the men may know when the pressing is complete without having to 
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enter the press-room, a kind of catch and trigger is attached to the 
side of the block, and, as soon as the press-box has been foreed up to 
the required point, the catch is Hberated by coming in contact with it, 
and rings a bell in the pump-room, The pumps are then stopped, the 
ram falls by its own weight, and the box is unloaded, the gunpowder 
being taken out in large cakes the size of the metal plates, and as hard 
as slate. It is in the pressing of the gunpowder that the most seri- 
ous explosions occur, for, if by any chance the pressure becomes too 
severe, and the powder explodes in the box, its foree is much greater 
than if it were ignited in the open air. Seven men were killed by an 
explosion in the press-house at Waltham Abbey in 1843, and by a 
similar aceident on June 16, 1870, five were killed and seven injured. 

The question of the density given to gunpowder by pressing and 
its effects is one which is only now being worked out, Formerly the 
density of the powder was roughly ascertained by weighing a eubic 
foot of it, and then its quality was tested by observing to what dis- 
tance it would fire a shell from a mortar. The primitive methods are 
now superseded by a testing apparatus, which gives scientitically 
aceurate results. The density is determined by reducing a small 
qnantity of the powder to dust in a mortar, and then placing it in a 
glass globe provided with stopeoeks, one of them connected with an 
air-pump, and the other with a tube dipping into a vessel of mereury. 
On exhausting the air, closing the first cock and opening the second, 
the mercury is forced into the globe, and completely fills it. It is then 
weighed in a delicate balance, and, its weight when filled with mer- 
eury only being known, it is easy to calenlate the density of the gun- 
powder. 

Its foree is aseertained by observing the initial velocities which it 
will give to a shot fired from a cannon, These velocities are 
measured with Bashforth’s Chronograph, as explained in a former 
article in the Popular Science Review ;* and with the Noble Chrono- 
seope, the invention of Captain A. Noble, of the Elswick Works, by 
means of which we are enabled to ascertain what takes place in the 
bore of the gun on the explosion of the charge, and what is the veloci- 
ty of the shot, not only in the whole length of its course within the 
gun, but also in each portion of that short distance, thus determining 
the velocity within very small limits both of time and space, and this 
with the most perfect acenracy. 

It is difficult to describe the chronoscope without a diagram, but 
it is easy to indicate the general principles of its action in a few words, 
and this will be sufficient for our purpose. «A gun having been selected 
for the experiment, six or eight holes are drilled in one side of it, pene- 
trating to the bore, at intervals along its length from the seat of the 
shot to the muzzle. Through each of these holes an insulated wire 


1“ On the Striking Velocity of Shot.” By W. Royston Pigott, M.D., P.S. R., Janu- 
arv, 1871, 
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enters the gun, its lower extremity being in contact with, but insn- 
lated from, a sharp entting edge, so arranged in the bore of the gun 
that the passage of the shot would force it down upon the wire and 
destroy the insulation, Each of the wires is connected with the sec- 
ondary wire of an induction coil. The recording apparatus consists 
of a series of disks of polished silver, coated with lamp-black, and 
made to revolve simultaneonsly by the action of a falling weight and 
multiplying wheels at a very high velocity. One of these disks cor- 
responds to each of the wires, the end of which is placed in a small 
‘discharger close to its cirenmference. On firing the charge, the shot 
cuts the insulation of wire after wire in rapid succession, and as cach 
is cut a current passes, and a spark darts from the discharger to the 
edge of the revolving disk, striking off a speck of the Jamp-black, and 
leaving the bright silver bare, Now, supposing the velocity of the 
cireumference of the disks to be 1,000 inches per second, and the mark 
of the electric spark on the second disk to be one inch farther on than 
that upon the first, this would show that the shot took the zy part 
of a second to pass from the first wire in the gun to the next. Simi- 
larly, if the distance between the marks on the first and last disks 
were five inches, this would indicate that the time the shot took to 
traverse the whole length of the gun was five-thonsandths, or s4,, of a 
second. In reality, the time is even shorter than this. In the 10-inch 
gun, a 300-pound shot, with a charge of 43 pounds of powder, passes 
down the bore in something less than the 34, part of a second. So deli- 
cate is this apparatus that, by dividing each inch of circumference of 
the disks into thonsandths with the help of the vernier, the ~p1q9 
part of a second would become an appreciable qnantity. 

It is found, by careful experiment with these appliances and the 
crusher gauge (by which pressure is estimated by the compression of 
a copper cylinder placed in the bore of the gun), that the denser the 
powder is the slower it burns, giving a lower initial velocity to the 
shot, and exerting a smaller strain on the gun, As an instance of the 
great differences cansed by the smallest variations in density, we give 
the following results of an experiment with the 10-inch gnn, with a 
charge of 70 pounds: 


Density. | Initial Velocity, Maximum Pressure, 
Feet per Second. Tons on Square Inch. 
1.732 Wis 29. 
1.782 1482 21 


Were an increase of .05 in density reduced the velocity by forty-two 
feet, and the pressure by eight tons. This shows the importance of ob- 
taining a uniform density in the mannfacture. For this purpose it is 
not suflicient to use a uniform pressure in the press-house, as even then 
the density of different pressings will vary on account of the changing 
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state of the atmosphere, the different degrees of moisture in the pow- 
der-meal, its varying bulk and elasticity, and other minor causes. The 
only practieable method of securing an approximately uniform density 
is to test the product of various pressings and then mix them, so as to 
reduce the whole to the average density required, and this is the con- 
stant practice at Waltham. 

We have alluded incidentally to the decrease of pressure in the 
gm as the density of the powder increases. With the immense guns 
constructed in recent years, it is inportant to reduce the strain on the 
metal as far as possible, as this is the only way in whieh the gun ean 
be safely fired. But it must be remembered that, by seeking to ac- 
complish this by indefinitely inereasing the density of the powder, we 
would at the same time deerease the velocity of the shot, or, in other 
words, its useful effect. Artillerists have, therefore, had recourse to 
the expedient of using a powder, each grain of whieh is a Jump of 
press-eake. The effect of this is to make it burn slower than grain- 
powder; for these lumps, when ignited at the surface, burn, as it were, 
in concentric layers, until the whole is consumed ; and by this means 
the explosion, though to all appearanee instantaneous, is in reality 
much more gradual than that which follows the ignition of smaller 
grains. In other words, the explosion of the eharge in a heavy gun 
is made to be less of the character of a violent blow on the sides of the 
bore and the base of the shot, and more like a gradual shove given to 
the shot with a corresponding pressure on the gun. 

The first form proposed for cannon-powder for heavy guns was 
that invented in Ameriea by Dr. Doremus, in which the whole eharge 
was made into a solid disk, the size of the bore of the gun. This, how- 
ever, was found to give very unsatisfactory results. Then the Rus- 
sian Government adopted a powder compressed into large hexagonal 
prisms, and in Belgium another powder was made in the form of ey- 
lindrical pellets. This was adopted by our Government, and an im- 
mense suni was spent on erecting machmery at Waltham for its manu- 
facture, but the pellet-powder has sinee been superseded by a simpler 
form, much easier to make, and giving better results; and the pellet 


t 


machinery has been altered, and, we believe, is now used in the manu- 
facture of eun-eotton. 

The pebble-powder now in use consists of enbes of compressed gun- 
powder, with sides about four-fifths of an inch square. These pebbles 
are made by passing press-cake of that thickness between two pairs 
of rollers, armed with sharp-cutting edges. The first pair of rollers, 
by means of these edges, cuts the cake into several small bars, about 
four-fifths of an inch square at the ends, and these bars, on passing be- 
tween the second pair of rollers, are divided into cubes or pebbles. 
After having been rolled in a hollow eylinder, or reel, to round off the 
sharp edges and get rid of the dust, the pebbles are carried to the 
drying-honse to be freed from the moisture they contain. 
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The drying-house is a Jarge room with double doors, and fitted with 
racks from floor to ceiling. On these racks copper and wooden trays 
are placed, containing the powder, spread out in thin layers, Steam- 
pipes are introduced from a boiler in an adjoining building, and thus 
the air of the room is kept at a temperature of about 135°, The fire- 
men in charge of the drying are forbidden to enter the room for fear 
of carrying in a spark in their clothes, but they ascertain the tempera- 
ture by a register thermometer placed inside a small window, and this 
thermometer also acts as a telltale, by showing if the temperature has 
at any time been allowed to become too high or too low. So perfect 
are all the arrangements at Waltham, that no explosion has ever oc- 
curred in the drying-house. 

The dried pebbles are finished by being placed in a revolving bar- 
rel (called a glazing-barrel), with a certain amount of powdered black- 
lead. On being taken ont, every pebble is found to have a perfectly 
smooth surface coated with black-lead, the eflect of which is still fur- 
ther to diminish the rate of burning, The pebbles are then thrown 
into sieves to separate smnall fragments ; all irregular pieces are picked 
out by hand, and the remainder is packed in ordinary powder-barrels, 
whieh would hold 100 pounds of rifle-powder, but contain 125 pounds 
of the pebble-powder, on account of its greater density. 

The following results of experiments with the 8-inch gun will give 
the reader an idea of the effects of the different kinds of powder. We 
need only explain that R.L.G. means the old “Rifle Large Grain” 
powder, still in use for field-artillery, aud draw attention to the fact 
that the pebble-powder gives at once the highest velocity and the 
lowest strain : 


l 
fa itial Velocity Maxi Press 
Seer, | eee ciphcer accra. lon cu sake uty 
Rob Gaemene 380). | 1324 29.8 
Russian Prisinatic. 32 CSdS 1366 20,5 
Service Pellet... 30 1338 Vid 
Pebble.......... 35 | 1374 15.4 


Visitors to the laboratory at Waltham can see there a number of 
experimental varieties of pebble-powder, the largest of which consists 
of cubes as hard as stone, each side of which is two inches square, A 
shower of this alone fired from a gun would be quite as effective as 
grape, and it is possible that 300 pounds of this tremendous powder 
will form the charge of the new 80-ton gun, 

For rifle-powder the meal is pressed into thin cakes; these are 
broken up into irregular pieces by hand, and carried to the granulating 
machine. This machine consists of four pairs of toothed cylinders, 
between which the broken cake is passed. As it falls from them in 

. grains, it is received upon a series of screens of net-work. There are 
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three of these, the texture of each being closer than that above it, so 
that large-grain powder is retained on the first, while fine-grain and 
dust fall through it. The fine-grain remains on the second, and the 
dust passes on to the third. All the screens are placed in an inclined 
position, so that the powder runs down them into tubs arranged at the 
lower end, one of which receives the large, another the fine-grain, and 
a third the dust. ' 

The powder is then rolled for some hours in the glazing-barrels, to 
break off all minute irregularities, and give it a smooth surface. Then 
itis dried, and finally freed from dust in the slope-recl. This done, it is 
finished by being passed once more through the glazing-barrels, and 
it is then packed in barrels of 100 pomids each. 

Such is the process of the gunpowder manufacture in the Royal 
Factory at Waltham. We have only briefly indicated the principles 
of each process, for to go into detail would occupy far greater space 
than is at onr command; but even this sketeh will show how at each 
step seience has been called in to aid art in bringing the manufacture 
to its present high state of perfection, No expense is spared in pro- 
ewing the best materials, the most efficient machines, and the most 
accurate tests; yet the cost of manufacture is only about sevenpence 
per pound, What a contrast to the early days of gunpowder-making, 
when in France, in 1375, a pound of gunpowder cost a sum equal to ten 
pounds of our money! 

In every departmeut the greatest care is taken to prevent the dan- 
ger of explosions, The houses are built from 200 to 400 yards apart. 
Wood, copper, and gun-metal, are the only materials used in the struet- 
ure of the machines, except where, and that rarely, a bolt of iron is 
introduced for the sake of strength, and then the metal is eneased in 
leather. The floors are covered with hides secured with copper nails, 
and these, as well as the wooden platforms round the houses, are kept 
constantly wet. All loose powder is swept away from the floors, 
damped, and carried to a magazine, where it is collected and the salt- 
petre subsequently extracted. No oue is allowed to enter a room 
withont putting on a pair of leather “magazine shoes ” made without 
nails, as the iron nails in ordinary boots might lead to au explosion if 
one trod on the loose powder; and, moreover, one would be certain 
to bring in grains of grit, which are so dangerous if they become mixed 
with the powder. The men wear a kind of fire-proof clothing, and in 
the incorporating-houses leather eaps and gloves. Fire-engines are 
stationed in varions parts of the factory, and every man has his post as- 
signed to him in the event of an alarm of fire. To such an exteut are 
these precautions carried that the roofs and eaves of the buildings are 
searched for birds’ nests, and they are pulled down whenever they are 
found, lest the birds, in building or bringing food to the young, might 
drop grains of grit or sand on the platforms round the houses. Every 
building is protected by hghtning-conductors, and, as soon as a thun- 
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der-storm approaches, the men have orders to stop the machinery, 
leaye the houses, close the doors, and cease all work until it has passed 
over, But the best seeurity for the safety of the faetory is that the 
workmen are a body of steady, industrious, intelligent men, and bear 
so high a character that a dismissal is a rare event, though it is the 
penalty of any breach of a necessarily strict code of rules. 

The powder manufactured at Waltham is carried down the river 
Lea to be stored in the great magazines at Purfleet. A useful lesson 
can be learned from the method of transport. The gunpowder is eon- 
veyed in barges specially constructed forthe purpose. They are about 
half the length of an ordinary canal-boat, and are covered with a semi- 
circular roof, with a door at the side, which is kept closed, exeept 
when the boat is being actually loaded or unloaded. Every powder- 
barge is considered a magazine, and the same rules apply to it as to 
the Government magazines. No fire or light is allowed on board; 
nothing but powder is to ve placed in the hold; and no one is allowed 
to enter it without wearing the ordinary magazine shoes, In this way 
it may be said that every chance of an explosion is carefully guarded 
against. It would be well if the same method of transport were used 
on canals where (as on the Regent’s Canal) gunpowder is being con- 
tinually earried to and fro. The extra expense of having special 
barges would not amount to one-hundredth part of the loss eaused by 
an explosion, 

We have also to consider the transport of gunpowder by road. It 
is said that it is a conmon thing for cart-loads of gunpowder to pass 
throngh the crowded streets of London, sometimes several carts elosely 
following each other, and crowding together if there is a block in the 
trafie. This is unquestionably a very dangerous practice. It would 
be well if carts laden with any considerable quantity of gunpowder 
could be prevented from entering the streets of a town; but in many 
cases this would be impossible. The transport, however, might easily 
he rendered much safer, by forbidding gunpowder-earts to pass along 
the streets except during a few hours in the morning, allowing only 
covered vaus to be nsed, and fixing certain intervals within which no 
yan should approach another. Finally, powder should never be packed 
in the light kegs used by some manufacturers, which are continually 
liable to leak, for loose powder is always exposed to ignition by any 
one ofa hundred aceidents, There are cases recorded of explosions 
having taken place through powder leaking from a tumbril, and form- 
ing atrain upon the ground, which was fired by a spark struek from 
the shoes of one of the horses drawing it. Good, strong barrels 
should always be used, and they conld of course be returned when 
empty. 

After the Regeut’s Park explosion there were some fears expressed 
as to a possible explosion at Purfleet, where about 50,000 barrels of 
gunpowder are stored in five large magazines. If five tons on board 
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the canal-barge could do so much damage, what, it was asked, would 
be the effeet of an ¢xplosion of the 2,000 tons at Purfleet ? Attempts 
were made to eaiculate the radius of destruction by Mallet’s formula 
for the effect of bursting shells—the fact being disregarded that the 
bursting of w shell and the blowing up of a magazine are essentially 
different aairs. We were told how all East London would suffer 
from the shock, how several villages in Kent and Essex would be de- 
stroyed, and how trains would be thrown off the railway-lines, gasom- 
eters wrecked, and a wide district plunged into darkness. We must 
not forget that an explosion in the open country wonld have relatively 
much less foree than an explosion in the midst of closely-built streets 
like those about Regent’s Park, An explosion at Purfleet would be 
very terrible, but probably not half so destrnetive as one might ex- 
peet at first sight."| Then the Government must keep this large store 
of powder somewhere; 50,000 barrels conld not be manufactured on 
an emergency, and Purfleet ofers advantages in the way of safe and 
easy transport from Waltham, and shipment to India and the colonies, 
which mark it as a good site for onr chief magazines. The gnnpowder 
might indeed be distributed in numerous magazines, at various points 
along the lower part of the Thames, but this would really be to in- 
crease the chances of an explosion; for, the more numerous is the staff 
of superintendents and store-keepers, the greater is the danger of care- 
lessness on the part of some among them. 

Many a one has said, with the foppish young lord, who so much 
excited the anger of Hotspur at HWolmedon: 


“ .. That it was great pity, so it was, 

That villainons saltpetre shonld be digged 

Out of the bowels of the harmless earth, 
Which many a good tall fellow had destroyed.” 


But, strange as it may seem at first sight, gunpowder and such com- 
pounds are as much used in peace asin war, What with practising, 
salutes, experiments, and reviews, our army, navy, and volunteers, burn 
every year as much gunpowder as would be required for half a dozen 
battles and a siege or two, But it is in mining, quarrying, and en- 
gineering works, in a word, for industrial purposes generally, that 
gunpowder is chiefly used; and as strife and peaceful industry ean- 
not exist together, a war, on the whole, tends to lessen rather than 
inerease the consumption ef explosive substances. During the great 
conflict in America the sale and import of gunpowder fell off enor- 
mously. It is said that the same thing was noticed in France during 
the Crimean War; and probably the present war in Spain, by stop- 
ping the iron-mines of the north, has diminished the import of blast- 

1 The explosion of a large magazine is really the suceessive explosion of various por- 
tions of its contents, not the detonation of the whole mass. This is why it is fallacious 
to attempt to estimate the effect of the explosion of 2,000 tons by comparing it with the 
explosion of a large shell, or of a few barrels on board a barge. 
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ing-powder to a greater extent than it has accelerated that of powder 
specially manufactured for military purposes. 

The following figures will give an idea of the amount of gun- 
powder employed in mining operations: It is estimated that in coal- 
mines about 80 pounds of powder are used for every thousand tons of 
coal raised. In mines of lead and other minerals, which are found in 
hard erystalline rocks, about 7,000 pounds of blasting-powder are re- 
quired for every thonsand tons of ore, To quarry a similar quantity 
of sandstone 170 pounds would be used; while for the harder granite 
the amount would be 650 pounds. ‘ 

The quantity of gunpowder exported from England has not in- 
ereased very rapidly of late years. In 1860 it was 11,078,436 pounds, 
of a declared value of £353,101. In 1865 it had risen to 16,833,723 
pounds, valued at £457,078; and in 1870 it was 17,357,668 pounds, 
valued at £427,229. The merease in weight, with a decrease in 
yalue from 1865 to 1870, is due in a great measure to the fact 
that we export an immense quantity of gunpowder of an inferior 
quality to non-British ports in Western Africa ; and it is in this cheap 
sort of gcunpowder that the chief increase has taken place, while there 
has been a falling off in the more valuable kinds. Thus, in 1870, 
no less than 4,637,066 pounds, or more than 25 per cent. of the whole 
export, went to Western Africa, chiefly to satisfy the warlike pro- 
pensities of woolly-headed kings ; but it will be seen at once what the 
quality of the powder was, when we add that its declared value was 
only £83,657, while the comparatively small quantity of 1,173,762 
pounds, exported to France, was worth £75,522, or about four times 
as much m proportion to its weight. Heavy as our loss was at Amo- 
aful, it would have been much more severe if the Ashantecs had been 
provided with something better than this worthless powder. As it 
was, several of the men in the front line were struek five or six times 
without being wounded, the bullets having such little foree that they 
fell harmlessly to the ground.—Popular Science Review, 
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RAIN-DROPS ON THE SEA. 
By Pror. OSBORNE REYNOLDS, M. A. 


HERE appears to be a very general belief among sailors that 
rain tends to calm the sea, or, as I have often heard it expressed, 

that rain soon knocks down the sea. Withont attaching very mneh 
weight to this general impression, my object in this paper is to point 
out an effect of rain on falling into water which I believe has not been 
hitherto noticed, and which would certainly tend to destroy any waye- 
motion there might be in the water. When a drop of rain falls on to 
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water the splash or rebound is visible enough, as are also the waves 
which diverge from the point of comtact; but the effect caused by the 
drop under the surface is not apparent, because, the water being all 
of the same color, there is nothing to show the interchange of place 
which may be going on, There is, however, a very considerable effect 
produced, 1f instead of a drop of rain we let fall a drop of colored 
water, or, better still, if we color the topmost layer of the water, this 
etiect becomes apparent. We then see that each drop sends down 
one or more masses of colored water in the form of vortex rings. 
These rings descend with a gradually diminishing velocity and with 
increasing size to a distance of several inches, generally as much as 
eighteen, below the surface. Kach drop sends in general mere than 
one ring, but the first ring is mueh more detinite, and descends much 
quicker than those which follow it. Ifthe surface of the water be not 
colored, tlis first rmg is hardly apparent, for it appears to contain 
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DROPS DESCENDING BELOW THE SURFACE. 


very little of the water of the drop which causes it. The actual size 
of these rings depends on the size and speed of the drops. They 
steadily increase as they descend, and before they stop they have 
generally attained a diameter of from one to two inches, or even 
more, The diagram above shows the etiect which may be produced 
in a glass.vessel, It is not that the drop merely forces itself down 
under the surface, but, in descending, carries down with it a mass of 
water which, when the ring is one inch in diameter, would be an oblate 
spheroid, having a larger axis of two inches and a lesser of abont one 
and a half inch. For it is well known that the vortex ring is merely 
the core of the mass of fluid which accompanies it, the shape of which 
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is much the same as that which would be formed by winding string 
throngh and through a curtainring until it was full, It is probable 
that the momentum of these rings corresponds very nearly with that 
of the drops before impact, so that when rain is falling on to water 
there is as much motion immediately bencath the surface as above 
it, only the drops, so to speak, are mueh larger, and their motion is 
slower, Besides the splash, therefore, and surface-cffect which the 
drops produce, they cause the water at the surface rapidly to change 
places with that at some distance below. Such a transposition of 
water from one place to another must tend to destroy waye-motion, 
This may be scen as follows: Imagine a layer of water adjacent to 
the surface, and a few inches thick, to be flowing in any direction over 
the lower water, which is to be supposed at rest. The effect of a drop 
would be to knock some of the moving water into that which is at 
rest, and a corresponding quantity of water would have to rise up 
into the moving layer, so thet the upper layer would lose its motion 
by communicating it to the water below. Now, when the surface of 
water is disturbed by waves, besides the vertical motion the particles 
move backward and forward in an horizontal direction, and this mo- 
tion diminishes as we proceed downward from the surface. There- 
fore, in this case, the effect of rain-drops will be the same as in the 
ease considered above, namely, to convey the motion which belongs 
to the water at the surface down into the lower water, where it has 
no cect so far as the waves are concerned, and hence the rain would 
diminish the motion at the surface, which is essential to the contin- 
nance of the waves, and thus destroy the waves.—Nature. 


SCIENCE FROM TITE PULPIT. 


By JOHN TROWBRIDGE, 
ASSISTANT PROFESSOR OF PIIYSICS IN HARVARD UNIVERSITY. 


RE ministers fitted to disenss the bearing of modern science 
upon religion? This question forees itself upon one who is 

both a member of 2 church and a lover of science, and deserves to be 
earefully weighed by those who have the interests of Christianity at 
heart. An article by the editor of the Nation, in the issne of Decem- 
ber 24, 1874, takes the very sensible ground that a man of science 
should have no greater authority in controverted religious questions 
than the most humble member of a church. THis views are not enti- 
tled to great consideration simply because he is a student of science. 
This seems to touch the vital part of the question. The history of the 
world shows, however, that the assumption of exclusive right to treat 
religious questions with authority, and the barring out of critical in- 
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truders, have always come from a class of men who are peculiarly un- 
fitted by education to see the bearing of modern investigation. The 
Church should be eager to receive the discoveries of investigators of 
the strange and wonderful works of the Creator, with confidence that 
all can and must be reconciled with revealed religion. We see very 
little of this eager, receptive condition among ministers. On the con- 
trary, the ocenpants of the pulpits immediately assume a fretful con- 
dition of indignation. They bristle at the very mention of the doc- 
trine of evolution, of prehistoric man, and the theories of the antiquity 
of the world. 

The address of Prof. Tyndall has been criticised from a hundred 
pulpits. Tf carefully read, it will not be found to afford material for 
the wave of indignation which has swept over the religious world. 
The address was evidently inspired by an indignant fecling of protest 
against religions dictation in science, which was tinctured also by a 
certain want of reverence characteristic of many scientific men, This 
deficiency in reverence is to be lamented, but the attitude of an in- 
vestigator is generally one of irreverence, Prof. Tyndall is quick to 
pereeive the scientific questions which are to be fashionable, so to 
speak, among the general public. He early saw the tide of interest 
which was setting toward the ice-formations of Switzerland. He led 
the general public to appreciate the doctrine of the conservation of 
foree by his admirable treatise on “ Heat as a Mode of Motion.” He 
is the pioneer in the modern style of popular scientific lectures, which 
gives to beauty of experimental illustration a lucid yet imaginative 
diction. No less ready has he been to perceive the coming ferment 
in religious matters; and he has dashed gallantly iuto the combat 
with a certain Celtic fire, leaving perhaps many ungvarded points. 
It may be that he considers that the religious agitation in Germany 
has nothing to do with the prerogatives of emperor or pope: but that 
bigoted religion and science are the true antagonists, and, with his 
customary insight into the scientitic tendencies of the age, he is eager 
to be the first in the field. There is muchin the spirit of protest 
which the Belfast address breathes that appeals to the mind of every 
scientific man. 

Ministers who are only general readers in science can have no con- 
ception of the scientific spirit which comes through investigation, 
There is a cultivated interest which arises only from familiarity with 
methods, processes, and instruments, A minister hyes apart from the 
secthing turmoil and progress of the scientifie world; and,if he should 
attempt to dispute with innovators, he will meet the same fate as any 
comparative recluse who attempts to dictate to the world from his re- 


tirement. 

Nothing leads thinking young men of scientific tendencies to neg- 
lect church-going more than wrong-headed and illogical deductions 
from science by their pastors, They hear the doctrines of Darwin 
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condemned by men who have not carefully read the many treatises 
for and against evolution, and who have not sonnd conceptions of the 
true grounds of the learned authors. The writer once heard a divine 
vigorously controvert the doctrines of Darwin, and exhaust bis re- 
sources of invective upon the unfortnnate believers in the evolution 
theories of the present, much to the edification of the regular church- 
goers, who, for the most part, had never read the books which were 
criticised, but had a general idea that Darwinism, socialism, and com- 
munism, were equally pernicious to the welfare of society. The vc- 
cupant of the pulpit, upon seeing that he swept his audicuce with 
him, elevated himself to his full height and exclaimed, “If they be- 
lieve that man descended from an ape, let them take a monkey from 
the Zoological Gardens, and, by a process of natural selection and cul- 
tivation, make a man of him. Surely this is not unreasonable to ask!” 

I often hear sermons from men who admire the progress of science, 
yet who do inealeulable damage by drawing wide and unwarrantable 
inferences and conclusions from scientific facts. These inferences are 
often made by men who are well read in the scientific literature of the 
day, but who do not regard the limits of scientific generalizations, and 
take steps which the scientific hearer would not dream of taking. The 
hearer, knowing how defective the preacher’s judgment is in his infer- 
enees from science, naturally doubts the clearness of his pastor’s jnudg- 
ment on even purely theological points, The attempt to reconcile 
science and religion is Hike an endeavor to measure two constantly- 
éxpanding scales by comparison with each other. It does not seem 
to be recognized that a scientific man can haye a religion apart from 
his science: that it is not necessary for him to apply the exact laws 
of his particular science to his religious convictions, or to test the 
logic of his belief by the methods which he has found necessary and 
invaluable in scientific investigations. Many scientific men who are 
considered atheists are far from being so. It is compatible for a man 
to be a logical reasoner in an exact science, and yet to refuse to apply 
the touchstones, which serve him in his science, to his religion, He 
recognizes that his religious belief is an inherent want of his nature. 
Strict logicians may laugh at him, and claim that he is inconsistent ; 
he himself feels that his tests fail; he cannot reason ; he must receive 
much on faith. Nothing, therefore, is so disagreeable and demoral- 
izing to the man who is loyal, both to his religion and his science, as 
to hear the attempts of preachers to reconcile an incomplete knowl- 
edge of Nature’s laws—for, at the best, we are only on the bonndaries 
of the science of Nature—with the great mystery of revealed religion, 
It were better that the subject should be left untonched; that the 
minister should be pronounced not in step with progress, than that he 
should awaken the spirit of opposition and distrust in the minds of the 
thinkers on scientific problems. 

Such are some of the evils of a superficial exposition of science 
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from the pulpit. If the young student of theology has had a rigid 
scientific training, it will prove of great advantage to him in the 
future. Leading minds in the Church recognize that, if the material- 
ism arising from the spread of scientific ideas, received at second hand 
and fondled until they have deadened religious faith, is to be coin- 
bated snecessfully, it must be attacked by men who are not mere su- 
perficial readers, who get up their knowledge of science as they would 
the history of the Reformation. There is a type of character at the 
present day which is seen in almost every community. The men con- 
stituting it, with the most superficial knowledge of science, have their 
own views upon the causes of natural phenomena. They believe in 
animal magnetism—in the connection of eleetricity with every thing 
that fails to be explained by any other agent. They speculate upon 
the constitution of suns and comets. Said one of this class to the 
writer lately: “Do you believe that the sun is heat? You are wrong 
if you do. I believe that it is electricity.” The minister must deal 
with this type, with sound knowledge. .An omnivorous reader, a vil- 
lage wiseacre in science, may easily have, in these days, a little sect 
of his own in a community. The minister, therefore, cannot ignore 
science, if he would reach all hearts. Yet an illogical and incomplete 
treatment of Nature’s laws, and wrong deductions and false applica- 
tions, will be quickly criticised by men who, however much they like 
to have hypotheses of their own, are harsh and critical to those of 
thetr minister, 

Let us see what the training is which is to enable onr young divin- 
ity students to suecessfully combat the modern scientific materialism. 
We shall take the catalogues of four leading divinity schools—the 
schools at Andover, Harvard University, Yale, and Princeton : 

At Andover, the junior year is devoted to the study of the Hebrew 
and Greek Scriptures, systematic theology, homiletics, church history, 
and elocution ; the middle year is devoted to systematic theology, 
the Hebrew and Greek Scriptures, church history, and elocution; the 
senior year is devoted to church history, homiletics, Hebrew and 
Greek Scriptures, pastoral theology, and eloeution. 

In addition to the regular course of instruction, special courses of 
lectures are delivered by eminent clergymen on forcign missions, home 
missions, and Congregationalism. 

At the Harvard Divinity School the course consists of the fol- 
lowing: 

Hebrew Language; principles of criticism and interpretation ; the 
literature, canon, and exegesis of the Old and New Testaments ; bib- 
heal archeology and geography; natural religion, and the evidences 
of revealed religion ; the philosophy of religion ; systematic theology; 
philosophical and Christian ethics ; the ethnic religions, and the creeds 
of Christendom; ecclesiastical history, and the history of Christian 
doctrine; church polity and administration. 

VOL, V1.—47 
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We learn, from the prospectas of the Yale Theological School, that 
“the chief aim of the seminary is to train men to be preachers of the 
Gospel, and especially such teachers as the present state of the world 
requires.” Its course of study is as follows: 

Junior year, encyclopedia and literature of theology, and instrne- 
tion in Hebrew grammar and philology ; exegetical study of the 
Greek New Testament; mental philosophy, with special reference 
to the study of theology—also natural theology; the evidences of 
Christianity, and the inspiration of the Scriptures—also, as incidental 
to these topies, the various forms of skepticism; méddle year, sys- 
tematic theology; general church history ; Biblical theology ; eritical 
study of the New Testament; American church history; senior year, 
sacred rhetoric and homiletics ; pastoral theology ; Christian doctrine 
and on symbolical theology; church polity ; lectures in natural the- 
ology and moral philosophy; natural philosophy; history ; political 
economy ; anatomy and physiology. The undergraduate departments 
are open to the divinity stndents, as also are the courses in the Shef- 
field Scientific Sehool. 

The course at Princeton differs in having a department cutitled 
“The Iarmony of Science and Revealed Religion,” extending through 
the junior and senior years of the undergraduate department as a 
required eourse, ‘The first year of the course includes the study of 
natural theology, as connected with the physical sciences which illus- 
trate the being and attributes of the Creator; and of natural religion, 
as connected with the mental and moral seienees which illustrate the 
Divine government, future state, and probation.” The second part 
of the course includes a similar defense of revealed religicn by the 
inductive logic, with the study of the miraculous, prophetic, historical, 
and scientific evidences of Christianity. The third part includes the 
study of inductive seience as connected with revealed religion; the 
history of their seeming conflicts and alliances; the logic applicable 
to their relations, and the growing evidences of their harmony as alike 
involving the promotion of perfect science and the vindication of the 
Christian religion, The text-books used, in the elementary part of 
the conrse, are Paley’s “ Natural Theology,” Butler’s “ Analogy of 

teligion and Nature,” and Bacon’s “Novum Organum;” with fre- 
quent lectures npon the topics of whieh they treat, as well as upon 
other more recent questions emerging in the different sciences which 
are in relation with revealed religion. 

It will be seen that scarcely any attention is paid to a scientific train- 
ing, or to methods of scientifie thought. The young divinity student 
who enters any theologicel school—without a preliminary college 
edueation—can know nothing of the great questions upon which he is 
destined to preach with more or less confidence. The time of study, 
indeed, may be too short for a scientific course in any divinity school. 
And it is to be doubted whether general lectures on science, or on 
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scientific methods of thought, illustrated even with the aid of such 
books as Jeyons’s “Principles of Science,” can do much to enable the 
young theologian to sntieiently appreciate the attitude of scientific 
men, Laboratory work will only enable a man to perceive the true 
scope and Limit of science. This laboratory work cannot be under- 
taken by the young divinity student muiless he takes it during a col- 
lege course, as it is possible to do at Harvard University. An ex- 
tended scientific traming appears to be an impossibility for a young 
minister; and the most successful sermons scem to the writer, who is 
both a member of a church and a lover of scienec, to be those in which 
argnment and logic are laid aside, and simple faith and enthusiasm 
take their place, .A iinister cannot expect to meet a scientific man 
on his own ground, in regard to the scope and bearing of his studies, 
3y his eloquence in denunciation of scientific radicalism he ean only 
hope to earry with him those who are ignorant, and who cling to old 
traditions, With his present preliminary education a minister cannot 
influence deep thinkers by any wealth of argument whieh he may 
possess. Ile can only hope to do this by the great power of touching 
human sympathies which the Bible gives him; by dwelling on the 
joys and sorrows of man’s strange and )rief career, and by picturing 
that hereafter of purity which, we venture to say, no man, even the 
most short-sighted scientific materialist, ever despairs of. 
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4 EW things in the history of science are more interesting than 
the examples it affords of men devoting themselves with pas- 
sionate assiduity and untiring persistence to researches which the 
investigator himself can neither turn to account nor are to he of 
any ultimate use, and which the public regards as in the last de- 
gree frivolous and futile, but the value of which is ultimately and 
abundantly justified. A man works like a martyr at some obscure and 
unknown subject, is laughed at and ecommiserated by his contempora- 
ries, dies, and drops out of memory, until in after-times, in the tnrns of 
thought, lis resnits are suddenly invested with a grand interest, and 
hecome a passport to their author’s immortality. Sometling like this 
was the fortune of the subject of the present sketch; he worked in a 
field which nobody thought of the slightest moment, but he has linked 
his name forever with one of the most brilliant discoveries of this 
century. 
JosEPIH vON FrauNHOFER was born in Stranbing, Bavaria, March 6, 
1787, of humble parents, and was left an orphan in 1799, at the age 


1 Pronounced Frown'-ho-fer. 
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of eleven years, when he was bound out as apprentice to a glass-cut- 
ter in Munich, who was very exacting of linn in the way and time of 
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his work. The young apprentice, however, 
without any instruetor, found means, in what 
little time he had to himself, to make up as 
well as he conld the deficiencies of his eduea- 
tion, and made great progress in nathematics, 
besides getting a knowledge of astronomy. 
From this station he owed his elevation to an 
aceident when nineteen years old, Working 
himself out nuburt from an old tumble-down 
house which fell in on him, he became a sort 
of neighborhood hero, attracting the atten- 
tion of seme gentlemen of wealth and rank 
who took an interest in the apprentice whom 
they found trying to enltivate the sciences in 
such adverse circumstances, They bronght 
him to the notice of and introduced him to 
the celebrated Reichenbach, who gave him a 
place as optician in his great establishment 
for the construction of mathematical and 
philosophical instruments at Benedicthaiern, 
near Munich. Ile found here ample seope for 
the exercise of his talents, and could now 
study optics as a scienee. THe soon distin- 
guished himself by his inventive genius and 
the skill he displayed in the exeeution of the 
processes which he was employed upon. The 
advantages which he enjoyed he turned to 
account in making many important experi- 
ments in light, and constructing superior in- 
struments tur astronomical observations, His 
discoveries greatly inereased the reputation 
of the establishment, of which he finally be- 
came the proprietor himself. Tle made the 
best crown-glass for achromatic optical in- 
struments, and invented a heliometer, mi- 
crometer, and many other scientifie contri- 
vanees. The celebrated equatorial telescope 
in the Russian observatory at Dorpat was 
made by him. In 1819 he moved his great 
establishment to Munich, and contimed his 
work there till his death, which occurred 
June 7, 1826, soon after entering upon the 
fortieth year of his age. He was a member 


of the University of Erlangen, and of the Royal Academy of Seiences 
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at Munieh. Four years before his death, this Academy appointed bin 
keeper of its Museum of Physics. Ie had the Order of Civil Merit 
conferred on him by the King of Bavaria, and received the Order of 
Danebrog from the King of Denmark. 

It was asa scientifie optician, not only thoroughly familiar with 
the theory of the subject, but skillful in the use of instruments, and 
an accurate and painstaking observer, that Fraunhofer entered upon 
the exploration of a new phenomenon in the solar spectrum. 

It is well known that we are indebted to Sir Isaac Newton for the 
capital experiment of the decomposition of white light into its con- 
stituent color-rays. Ie passed the beam from an opening in a shutter 
through a glass prism in a darkened room, and got the image of colors 
in the order of their refrangibility, forming what is familiarly known 
as the solar spectrum. But this speetrnm is not pure, Te used the 
light from a round hole in the shutter, and the ray, when passing 
throngh the prism, gaye a series of overlapping images of the aperture, 
by which the colors of the spectrum were somewhat mixed, and, in 
consequence of this, there was a peculiar class of effects which he did 
not reeognize. IIis experiment was made in the year 1675, exactly 
200 years ago, and for 127 years his incthod of forming the spectrum 
was followed, and no step was taken toward the discovery of the phe- 
nomena now to be considered. But, in 1802, Dr. Wollaston, an Eng- 
lishman, examined the spectrum formed by a narrow opening or shit, 
and found that instead of being so pure as had always been supposed, 
it was crossed in various places by fine dark lines, The observation 
attracted no attention at the time, and was not followed up by himself 
or others, 

These dark lines were afterward rediscovered by Fraunhofer, who 
became so much interested in them that he made them the subject of 
careful investigation, and his results were so accurate and complete 
us to have been universally accepted when published in 1814, and the 
lines from that time have gone under the name of “ Fraunhofer’s lines.” 
By means of a telescope be observed the spectrnm formed by a fine 
slit, and found that it was crowded with these fine dark lines; that 
they varied somewhat in thickness, and were distributed in unequal 
groups thronghont the spectral space. Ie counted 590, from the red 
to the violet, and made an accurate map of them, as represented in 
the preceding figure, designating the most important by the letters of 
the alphabet, larse and small, which are still constantly used in the 
investigations of spectrum Malpas 

To the qnestion, What are these dark lines ? no clear answer could 
be given. Science was not as yet prepared to offer an explanation of 
their cause. Yet Fraunhofer’s mind was not idle in regard to this 
point, and he speculated with great sagacity in the right direction, 
Optically, or with reference to figure, the dark lines are simply images 
of the slit. There are of course no such lines in sunlight, but there is 
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in sunlight that which takes the shape of lines when passed through a 
narrow opening. The white image from such an opening would of 
course be a fine white hne. If passed through a prism the white line 
would become a series of colored lines, each point or ray of which 
would be an image of the slit. Ifthe slit is changed to a eross, then 
there are crosses in the spectrum, The dark lines, of course, are lines 
in which hight is absent, for darkness is absence of hight. There are 
then certain missing rays in the snnlight that come out in the speetrum 
as lines of vacancy or breaks in its continuity, and Fraunhofer’s lines 
are all of this kind. 

Now, Frannhofer made the important discovery that the lines 
of sunlight did not vary when examined at different times. Ilis 590 
lines were there, in their exact places, at all times of the day, and at 
all seasons of the year; the cause was therefore probably not in the 
earth’s atmosphere; did not pertain to the earth, and therefore prob- 
ably existed in the sun, Furthermore, he found that the light from 
the moon and from Venus gave the same system of dark lines. Fraun- 
hofer saw in Venns-light the double J lines; & also was seen double, 
and the relative distance from D to /) and from J to 7) was the same 
in the Venus as in the solar spectrum. As this light is reflected from 
the snn, Fraunhofer was confirmed in the conclusion that these lines 
are of solar origi. 

Bunt he went still further. MWe made careful and extensive obser- 
vations of the spectra from the fixed stars, and made the striking 
discovery that they give groupings of dark lines, whieh differ from 
those of the sun and from each other. Some of the stellar lines, how- 
ever, he showed to be identical with those of the sun, Among the 
lines of the bright star Procyon he recognized tle solar line DY; and 
in those of Capella and Betelgueux he found both Dand & Frannhofer 
made also the important observation that the bright-yellow line 
characteristic of the speetrum of sodium exactly coincided with the 
double dark solar line DP. But he could not take a step toward 
explaining the eonnection. Jt was impossible for him to know in 
what way special rays were cut out or absorbed in the sun and stars, 
so as to give only darkness, but he got clearly before him the great 
problem which it is the glory of spectrum analysis to have since re- 


solved, 


CORRESPONDENCE. 


CORRESPONDENCE. 


RETARDATION OF THE EARTIPS LOTA- 
TION, 
To the Elitor of the Populur Science Monthly: 

IR: In the work entitled ‘ Correlation 

and Conservation of Forces,” edited by 
you, is an article on “ Celestial Dynamics,” 
by Dr. J. B. Mayer, in which is considered 
the subject of the diminution of the velocity 
of the rotation of the earth, in consequence 
of the retarding influence of the tidal wave. 
In the course of this artiele it is stated 
(page 297) that “theory and experience 
agree in the result that the influence of the 
moon on the rotating earth causes a mo- 
tion of transition from east to west in both 
atmosphere and ocean,” and that “ this mo- 
tion must continually diminish the rotatory 
effeet of the earth, for want of an opposite 
and compensating influence.” 

The result of the retarding foree of the 
waters on the axial motion of the earth is 
stated, by Dr. Mayer, to be the lengthening 
of the day ;4; of a second in 2,500 years ; 
and, further, that this retarding force will 
eventually diminish and exhaust the earth’s 
rotatory motion, 

The theory of Laplaee, that opposite 
atrial currents are, as to their effects upon 
the rotation of the globe, as = 0, and gen- 
erally, that there are no forces at work in 
Nature which do not in Nature find their 
compensating opposites, is held by Dr. 
Mayer not to be applicable to the effect of 
this tidal tranglation of waters. Neverthe- 
less, he proceeds to demonstrate, in the 
article on “The Earth’s Interior Heat,” 
that the decrease of temperature has been 
far too great, in the last 2,500 years, to 
have been without sensible effect in aecel- 
erating the velocity of the earth’s axial 
motion, It is there shown that the loss 
of heat and consequent contraction of the 
earth’s surface, in the time above men- 
tioned, must have had the effect of aecel- 
erating the earth's rotatory motion to the 
extent of counteracting the retarding move- 
ment of the tides. 


Now, if the results of these forces are ; 


equal one to the other, the day remains 
eonstant, and the law of Laplace would 
seem to apply as perfectly in this case as 
in that of opposing aérial currents. 


T. WS. 


CHEYENNE, W. T., February 16, 18%5. 


THE NEST AND EGGS OF THE TiIISTLE- 
BIRD. 
To the Editor of the Popular Science Monthly : 

THe yellow-bird (Chrysomitris tristis) is 
exeecdingly abundant throughout New Jer- 
sey during eight months of the year, and 
not at all rare during the winter, when it is 
seen mostly in loose flocks. For several 
years I have been perfeetly familiar with 
its manner of nesting, and the appearance 
of the eggs, ete., and I can give my testi- 
mony to the ecorreetness of the statements 
of Wilson, who says these birds cover the 
nest ‘on the outside with pieees of lichen, 
which they find on the trees and fences.’’ 
In looking over the first volume of the 
American Naturalist, p. 115, 1 noticed a 
statement, made by Dr. T. M. Brewer, that 
he “ never saw one that wag ever covered on 
the outside with lichen ;” and, in “ North 
Ameriean Birds,” vol. i, p. 474, he de- 
seribes a nest from Wisconsin as typical, 
which, on the exterior, was solely “fine 
vegetable fibres.” Tere, in New Jersey, 
and it was from New Jersey nests (or Penn- 
sylvania) that Wilson took his deseription, 
the nests are invariably lichen-covered. I 
believe Lam justified in using so positive a 
term. I know that here, also, two broods 
are raised. So mueh for the nests. 

I have seen many sets of eggs, prebably 
200, within ten years, and I know thet 
splotches of yellowish-brown, and oceasion- 
ally purple, are common on the larger end 
of the egg; not the rule, perhaps, but com- 
mon, i,e., perhaps thirty per cent. of the 
eggs laid. 

Cuartes C. Asport, M.D. 
TRENTON, N.J., February 16, 1875. 
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EDITOR’S TABLE. 


THE COMING ECLIPSE. 


HERE is little rest for the astrono- 
mers. Although their science is 
the oldest and exactest, and has long 
since taken its place as one of the most 
perfected divisions of knowledge, yet 
there never was a time of greater soli- 
citude in regard to undetermined celes- 
tial questions than the present. New 
problems are presented of transcendent 
interest, and the progress in the con- 
struction of instruments and increasing 
experience in observation are certain 
to be rewarded with important exten- 
sions of astronomical knowledge. 

And there is little rest for the astron- 
omers, not only because of the urgent 
questions that have recently arisen in 
their science, but because many of the 
great phenomena in which they are 
interested are observable only at. criti- 
cal moments and at rare intervals, and 
only at a few points upon our planet. 
The present year will ever be memo- 
rable in astronomie annals because of 
the extensive preparations made to 
study the transit of Venus; but, while 
the various parties of observers are re- 
turning from the distant stations upon 
the globe where their observations were 
mide, other expeditions have been fitted 
out which are traveling again to distant 
places to observe an eclipse of the sun. 
This is to take place on the 5th of April; 


is visible only in the Eastern Ileum- 


isphere, and will be mainly observed 
from stations in the kingdom of Siam. 
The shadow of total darkness will sweep 
rapidly along a line of about one hundred 
miles in breadth, and the time of total 
obseuration, when all the grand phe- 
nomena are displayed, will be but a few 
seeonds more than four minutes. Yet 
within these fleeting moments many im- 
posing effects are to be aceurately noted 
which will serve as data for resolving 


the most important questions relating 
to the constitution of the sun. It was 
a splendid victory of scientific enter- 
prise when Lockyer and Janssen showed 
that eclipses could be dispensed with 
in studying the solar prominences with 
the spectroscope, and that with their 
instruments they can at any time sweep 
round the solar outline, and watch and 
define those mighty eruptions of gase- 
ous matter which rise to a height of 
tens and even hundreds of thousands 
of miles above the photosphere, or Hight- 
giving portion of the solar atmosphere; 
but these observations only heighten 
the interest of the grand effeets which 
appear when the sun’s disk is complete- 
ly darkened. It is then impressively 
recognized that this great luminary is 
very far from being the clear-cut, sharp- 
ly-defined, luminous globe that it seems 
to ordinary observation. Its ragged 
edge is stupendously monntainous, and 
there moreover stretches away a mighty 
upper atmosphere, or luminous append- 
age, called the corona, which can only 
be examined during the few precious 
moments of solar darkening. 

The corona is therefore now the 
grand point of attack in a solar eclipse, 
by telescopic observation, photographic 
representation, and spectrum analysis; 
and, with each step of improvement in 
the construction of instruments, and 
the facility of their use, we are justitied 
in expecting important aecessions to 
our knowledge of that remarkable phe- 
nomenon. 

The preparations for observing the 
April eclipse are suggestive of other 


| considerations which should not be Jost 


sight of. The interests of science are 
beginning to be recognized throughout 
the world, and to bring the most di- 
verse nationalities intv close relation 
upon a common platform of sympa- 
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thetic coéperation. When the differ- 
ent races and nations come into rela- 
tion in the sphere of polities or religion, 
antagonisms, diseords, jealonsies, and 
hate, are almost inevitably engendered. 
But, when these are put aside, or kept 
out of view, and the object to be at- 
tained is simply to extend the know]- 
edge of Nature, the better elements of 
humanity begin to be recognized and 
asserted. As a striking illustration of 
this, we have the cnrious fact that, with 
reference to the approaching eclipse, it 
is not the Europeans, but the ‘“ King 
of Siam who has taken the initiative 
in inviting astronomers to his domin- 
jons, and providing for their entertain- 
ment while there.” On the 9th of last 
October, his Siamese majesty, through 
his private secretary, Bhashakarawang- 
$2, extended this courtesy to the Royal 
Astronomical and Royal Societies, and 
to any astronomers they might accredit 
to him for the purpose of utilizing the 
coming opportunity. The English Gov- 
ernment sends out an expedition; and 
an expedition by the French Govern- 
ment goes under the control of M. 
Janssen. Dr. Wermann Vogel, the emi- 
nent Berlin astronomer and photogra- 
pher, will join the expedition of Jans- 
sen at Singapore, and Prof. Tachani 
will represent the Italian observers, 

An intelligent writer in the Herald, 
in the full account which he gives of 
the preparations for the coming eclipse, 
thus describes an instrament which has 
been recently constructed to facilitate 
observation, and from the use of which 
much aid is to be expected : 

“The siderostat was devised to enable 
the observer to eseape the inconvenience 
and often the impossibility of changing lis 
position to follow the eye-pieee of his tele- 
seope, when turned upon the moving sun or 
star, With the best teleseopie mountings 
and arrangements which have heretofore 
been employed, the observer is put fre- 
quently in the most uncomfortable posi- 
tions, and his work subjected to those er- 
rors irreparable from the nervous handling 
of his glasses at the exeiting and critical 
moment of the eclipse. The ingenious sei- 
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entist, Foucault, the perfecter of the side- 
rostat, aimed to give the equatorial the power 
of making the entire heavens pass before the 
observer without his having to disturb him- 
self or to displace the instrument. The 
siderostat, as arranged by him, is, therefore, 
a telescope fixed horizontally in an invari- 
able position, before which a plane mirror 
brings suceessively the various points of the 
sky. The whole rests on a brass stand, sup- 
ported by three serews, with two levels and 
a regulating azimuth movement. The plane 
mirror is carried by an horizontal axis on the 
top of two vertieal supports, which revolve 
round a eentre, the movement being per- 
fectly effected by small wheels at thé foot 
ofthe supports. By the employment of the 
isoehronous regulator of Foucault, placed at 
the foot of the instrument, a motion sensibly 
equal tothe diurnal motion is communicated 
to the plane mirror, so that the heavenly 
bodies maintain invariable positions in the 
field of the horizontal teleseope, in front of 
the apparatus direeted toward the mirror, 
This clock-movement, which has been ap- 
plied to equatorials, is perfectly regular, 
and won for its inventor the grand prize in 
the mechanieal arts at the Universal Exhi- 
bition of 1867. The apparatus gives perfect 
steadiness in experiments for measuring the 
position of spectrum lines and of the dis- 
placement of the lines by means of large 
fixed speetroscopes. Its adaptability las 
been tested during the reeent photographie 
experiments in eonneetion with the transit 
of Venus, and with the greatest ease it eom- 
bines with the observing telescope the ap- 
paratus neeessary for the work of celestial 
photography for photometric researehes. 
The complete instrument, telescope and 
siderostat, placed in the plane of the me- 
ridian, may also be regarded as a meridian 
instrument, so that it is, perhaps, the most 
powerful weapon of modern astronomy ; 
and, when desired, spectroseopes and pho- 
tographie apparatus ean be attached to the 
eye-piece of the telescope, of a size even 
larger than the teleseope itself.” 


THE LITERATURE OF EVOLUTION, 


A CORRESPONDENT applied to the 
editor of the Nation asking “ for infor- 
mation on books relating to the devel- 
opment or evolntion theory, especially 
for the book ‘which is not too partisan 
or too technical, but gives the facts and 
reasonings with reference to it on both 
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sides.” The editor very properly re- 
plied that a work giving the facts and 
arguments on both sides, fairly and fully, 
is not to be had; and it may be further 
observed that the reader who is igno- 
rant of the subject, and specifics exactly 
the work he wants, will be pretty sure 
not to find it. The choice must be 
among such books as are obtainable ; 
and the best way to guide the judg- 
nient of the inquirer is, to state impar- 
tially what resources there are for get- 
ting instruetion upon the subject, leay- 
ing him to decide as to what will best 
suit his mental requirements. 

The first error into which an unin- 
formed reader, who desires to take up 
the sulject of evolution, is liable to fall, 
is, that he will probably very much un- 
der-estimate the task he proposes to 
undertake. Assuming that he does not 


want a mere smattering, but an intelli- | 


gent view of the doctrine, and the na- 
ture and extent of its proofs, he must 
prepare himself for a very considerable 
amount of intellectual work. For the 
“evolution theory,” whether we con- 
sider it established or not, is the most 
comprehensive doctrine regarding the 
order of Nature that has ever yet been 
presented; and, if it be true at all, it is 
true as a system of principles underly- 
ing various and diverse tracts of phe- 
nomena. It is a philosophy of the ori- 
gination of things. ‘To the astronomer 
it is a theory accounting for the origin 
of stellar and planetary systems; to the 
geologist it is a doctrine that explains 
the history of our globe; to the bot- 
anist it has interest as throwing light 
upon the derivation of vegetable forms ; 
and to the zoologist it offers an expla- 
nation of the diversities of animal life. 
The psychologist finds in ita key to the 
development of mind in all its grades, 
and the socidlogist seeks its aid in trac- 
ing the progressive unfolding of the so- 
cial state. By its most radical implica- 
tion the “theory of evolution ” excludes 
the view long and universally believed, 
that in all these spheres the phenomena 


'asingle principle. 
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were “specially created’? as we now 
see them; and it asserts that in all 
these spheres the present effects have 
been brought about by gradual changes. 
The theory of ‘special creation” being 
abandoned, a theory of evolution is the 
inevitable alternative. Andif the unity 
and harmonious interconnections of 
Nature, of which all science affords the 
proof, be not an illusion, then the 
“theory of evolution’ must have a 
basis in the operation of universal prin- 
ciples, and must give rise to a general 
philosophical method of accounting for 
the present order of things. When, 
therefore, 2 man asks for information 
concerning the “theory of evolution,” 
he can only be intelligently answered 
by referring him to the works where 
sucha theory is presented. This, how- 
ever, is not what the Vation does. It 
directs its correspondent first of all to 
Darwin’s ‘Origin of Species” for the 
information he seeks. This is, of 
course, a great, original, and anthori- 
tative book; but it is, nevertheless, a 
special treatise on one branch of the 
subject of development, and, so far from 
making any attempt to expound the 
general “theory of evolution,” there are 
whole phases of the subject that it does 
not touch. Nor does it attempt any 
such analysis of the problem, or reso- 
lution into its ultimate principles, as is 
necessary to the formation of a theory 
of the subject. Indeed, the very power 
and popularity of the work are, in a cer- 
tain sense, due to its restriction, for it 
is inainly confined to the elucidation of 
“ Natural selection ” 
was recognized before Mr, Darwin’s 
time; what he has done is to show how 
this principle has acted in giving rise to 
new species from preéxisting species. 
It isa great thing to have done this, 
and Mr. Darwin is well entitled to his 
honors; but none the less is it mislead- 
ing to cite his book on the “ Origin of 
Species’? as an exposition of the ‘‘the- 
ory of evolution.” 

Prof. Tluxley has evidently had sub- 
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stantially the same question put to him 
as that directed to the editor of the 
Nation, but he returns to it a very dif- 
ferent answer, while there is probably 
no liviug man better able to answer it. 
No one, certainly, knows more thor- 
oughly the nature and extent of Mr. 
Darwin's contributions to the subject, 
or has a profounder appreciation of 
them, than he. And yet, in a lecture 
before the Royal Institution of Great 
Britain, Prof. Iluxley said, after avow- 
ing his belief’ in the theory of evolu- 
tion, “the only complete and system- 
atic statement of the doctrine, with 
which I am acquainted, is that con- 
tained in Mr. Ilerbert Spencer’s ‘Sys- 
tem of Philosophy’—a work which 
should be carefully studied by all 
who desire to know whither scientific 
thought is tending.” Nothing can be 
more explicit or decisive, and, we may 
ald, nothing more candid and just. 
KXnowing perfectly all that Mr. Darwin 
had done, conversant as he was with 
the whole literature of the subject, for- 
eign and domestic, he also thoronghly 
understood the claims of Mr. Spencer’s 
contributions to the question, and his 
deliberate opinion, given to a critical 
audience, was, that whoever wanted in- 
formation relating to the ‘theory of 
evolution” could only obtain it in a 
complete and satisfactory form from 
Mr. Speneer’s works. 

Bat the Metion thinks differently. 
[It not only does not eommend Mr. 
Spencer's works to readers seeking in- 
formation on the ‘theory of evolution,” 
but such readers are tacitly warned 
against them. Prof. Huxley, who ought 
to know what science is, recommends 
all who wish to understand the tenden- 
cies of scientific thought, to the study 
of Spencer’s works; the Nation objects 
to Mr. Spencer as an expositor of sci- 
ence. A distinction is drawn between 
Darwin and Spencer, in which the 
former is characterized as “scientific 
and inductive,” and the latter as ‘ spec- 


ulative.’ But this distinction is alto- | 
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. gether groundless. Mr. Spencer’s treat- 
ment of the problem of evolution is as 
rigorously inductive as Mr. Darwin’s; 
but, if} to the inductive procedure, Mr. 
Spencer superadds the deductive, using 
established truths in an a priori way to 
strengthen and verity his conclusions, 
we hope that is not tu be regarded as a 
contravention of true scientifie method. 
The implication of the writer that Dar- 
win gives the theory of evolution a 
firm inductive basis, while Mr. Spencer 
grounds it upon speculative @ priori 
axioms, is as far as possible from being 
true. 

Again, Mr. Spencer’s works are con- 
trasted with Darwin’s by the writer in 
the .Vetion as treating of ‘ general 
speculative philosophy in connection 
with theology and religion,” while Mr. 
Darwin “nowhere considers scientific 
theses as either favorable or unfavor- 
able to general philosophical or reli- 
gious conclusions.” Now, let us see 
what ground there is for this distine- 
tion. Toa series of exhaustive works 
on evolution which were expected to 
run through a dozen volumes, there was 
prefixed an introduetory part of 123 
pages, the object of which was to de- 
fine the sphere of science; and, in doing 
this, theology and religion were ex- 
eluded from the discussion. And so 
this rejection of theology and religion 
becomes the basis of a charge that Mr. 
Spencer runs into theology and reli- 
gion, in contrast to Mr. Darwin, who 
sticks to inductive science. It seems 
to be inferred that, because Mr. Spencer 
has designated his system of thought as 
a “philosophy,” therefore he is charge- 
able with all the empty and baseless 
speculation which that term, in its old 
applications, connotes. But he clearly 
explains the sense in which he uses 
the term philosophy. By ‘philosophy ” 
Mr. Spencer means actual, verifiable, 
scientific knowledge of the highest de- 
gree of generality. lis philosophy, in 
its leading characteristic, is a synthesis 
or unification of the sciences, and it is 
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no more “speculative”? than are the 
widest truths established in each of the 
sciences, 

Again: the writer in the Vation 
points his contrast by characterizing 
Mr. Darwin's mental processes as prop- 
erly Newtonian, while Mr. Spencer’s are 
un-Newtonian. Ile says that Mr. Spen- 
cer has lately put forward the claim 
that “his method is justified by New- 
ton’s precepts and practice;” and he 
adds that, according to ‘‘the leading 
physicists of the day,” this claim is not 
substantiated. Of this it may be said 
that Mr. Spencer put forth no such 
claims until he had been first attacked 
on this score by the Cambridge mathe- 
maticians; and “leading physicists of 
the day” are not wanting who regard 
the attack as a conspicuous failure. 
But, if the case is to go by the force of 
authority, does the writer in the Nation 
suppose that there are not plenty of 
“leading physicists of the day” who 
regard Mr. Darwin’s method of rea- 
soning as eminently un-Newtonian ? 

But to come back to the practical 
questions put by the correspondent of 
the Nation, we should say with Husley 
that, if he wants information on the 
“theory of evolution” in any complete 
or adequate shape, he can find it in the 
works of Spencer more fully and system- 
atically presented than anywhere else. 
He will find the theory expounded in 
the first volume of the “Philosophy ;” 
and its bivlogieal, psychological, and 
sociological applications are elaborately 
presented in the subseqnent divisions 
of the work. In Mr. Fiske’s ‘ Cosmic 
Philosophy ”? he will also find a mas- 
terly exposition of the whole subject, 
in its broad, philosophical aspects, com- 
plete in two volumes. 

Darwin's various works are, of 
course, of great value, but they are volu- 
injnous, while Osear Schmidt’s newly 
published ‘Doctrine ot Descent and 
Darwinism” is undoubtedly the best 
summing up of the discussion in the 
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lished. The works of Ilaeckel, trans- 
lations of which will soon be printed, 
have the reputation of being learned 
and powerful, but they are limited to 
the field of zoology, and no more treat 
of the general “theory of evolution” 
than do the works of Darwin. The 
last edition of Lyell’s “ Principles of 
Geology ” adopts the development the- 
ory and applies it to the course of geo- 
logical life. The strongest books on 
the other side of the qnestion are prob- 
ably those of Agassiz, Mivart, and Daw- 
son; and they are, moreover, moderate 
in size and popular in treatment. There 
are numerous other books of minor 
merit, like Lowne’s and Tenslow’s 
“Prize Essays,” but, unless a person 
has a passion for this kind of literature, 
and desires to pursue it in all its ex- 
pressions, it will not be worth while 
to waste time and money on them when 
better works are procurable. 


INCENTIVES IN EDUCATION. 


WE last month passed some strict- 
ures on the prevailing practice of 
stimulating educational competition by 
the offer of money-prizes. The de- 
fenders of the policy are, of course, not 
without their excuses, and the most 
plausible of them takes this form: ‘If 
life is an arena of competition—a strug- 
gle for existence—and the school is to 
be a preparation for life, how can the 
competitive element be excluded? Life 
has its prizes to be striven for; a few 
win and many lose. The schoo] should 
teach the youth in its charge how to 
comport themselves under the strains 
of rivalry that will be put upon them 
in their subsequent social experience.” 

To this it may be replied that there 
are plenty of necessary strife and strug- 
gle in the school without superadding 
to them artificial provocatives. Class- 
ing always leads to comparison, and 
gradation to estimates of capacity 
which inevitably arouse self-regard, 


biological field that has yet been pub-/| vanity, and the love of approbation. 
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The very organization of the school, its ; 


regular operations, and necessary daily 
results, are a constant and powerful 
appeal to the selfishness of the pupils. 
To be promoted, to beat some one, to 
outstrip a whole class in the open race, 


where the results are closely watched, | 


is surely sutticient incentive, without 
throwing in medals and prizes to inten- 
sify the competition. Indeed, the strife, 


without these additional stimuli, is often | 


far too strong, and requires to be checked 
by teachers and school-managers, in- 
stead of being encouraged and inflamed. 
Granted that the selfish motives are 
those by which people are habitually 
influenced in social life, it is the duty 
of teachers, and one of the great ends 
of education, to cultivate another class 
of motives, and to arouse and strength- 
en the more generous and disinterested 
feelings as incitements to action, In 
its highest purpose, the object of edu- 
cation is the formation of character, 
and character is the stamp of habitual 
feeling by which conduct is controlled. 
The common qualifications of a teacher 
are, to be able to ‘thear lessons,” and 
to show children how to read, write, 
and cipher, but no teacher is fit for his 
business, in any adequate sense, who 
cannot discriminate among the grada- 
tion of motives by which pupils are in- 
fluenced, and who cannot call out, exer- 
cise, discipline, and invigorate the high- 
er motives that should operate in deter- 
mining conduct. Undoubtedly we are 
drifting into a great system of whole- 
sale machine -edueation, which deals 


with masses under general inflexible | 


regulations, and in which the indi- 
vidual, as such, virtually disappears. 
The ambition is rather to drive all the 
children into the suffocating establish- 
ments ealled schools, and swell the 
numbers, and thus furnish materials tor 
the National Bureau of Education, that 
it may flout its astonishing statistics in 
the face of an admiring world. Ameri- 
ean education thus takes its place in 
the category of “ big things ’—immense 


‘us to forget. 
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prairies, long railroads, universal suf- 
frage, a mighty war, and the other 
elements of national vanity and boast- 
ing which the newspapers never allow 
From this exalted place 
in the public regard, which our educa- 
tional system has achieved, it is re- 
garded as an eminent patriotic duty to 
patronize and encourage it, and so 
wealthy people can in no way better 
indicate their love of country, and inin- 
ister to their own vanity, than by giv- 
ing here a hundred dollars, and there 
five hundred, as prizes to be fonght for 
in the schools, All this only aggra- 
vates an evil already too strong, and 
with which, from the very constitution 
of the schools, it is difficult to cope. 

The education that does not recog- 
nize the individual and the elements of 
individuality as of the first importance, 
and cannot conform itself to their spe- 
cial and peculiar needs, and bring to 
bear effectually upon the widely-vary- 
ing personalities with which it has to 
deal the incitements most suitable to 
each case, is, just to that degree, imper- 
fect, and fails in the fundamental object 
of education. Education is a leading 
out of the faculties, and the very word 
determines the method. It is not a 
forcing ont, a driving out, or a grinding 
out by machinery, but a process that 
expressly excludes the compulsive or 
coercive element—a leading out, which 
implies that the individual material to 
be acted npon has a nature that must 
be respected and acted upon in a given 
way. The preéxisting spontaneous 
forces of character, varying in their 
composition in each personality, are to 
be regarded by the educator, and are 
to shape his course, or he will fail of his 
highest object. 

We say, then, that, first of all, the 
teacher should not be meddled with 
by thrusting in extraneous stimuli to 
sive artificial excitement to the work 
of the school-rooin, and we are glad to 
see some symptoms of reaction against 
the old and vicious practice. Our edu- 
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cation has come to be so much a mat- 
ter of demagogism and popular flattery 
that it will not be easy to carry out re- 
form in this particular; but we wel- 
come the indications that here and 
there appear, of a recognition of the 
existing evil and the need of its remedy. 
The following passage, which we have 
seen quoted trom the late annual report 
of the able State Superintendent of 
Schools of Illinois, Mr. Newton Blake- 
man, although perhaps somewhat san- 
guine, at any rate rings out the truth: 

“ Phe era of shams, and cheats, and clap- 
trap, in edueation, will have gone by, Re- 
wards, and prizes, and other artificial and vi- 
cious incentives to study, will no longer be 
known, and with them the arbitrary, unjust, 
and preposterous practice of pretending to 
note a student’s intelleetual, moral, and de- 
portmental rank and standing by a mechani- 
eal system of marks will also be numbered 
with the discarded rubbish of an obsolete 
educational dispensation, The hopes that 
have been crushed, the hearts that have 
been stung, the irreparable mischief that 
has been wrought by that puerile and abom- 
inable system, shonld have sent it to the 
moles and the bats long ago.” 


Equally encouraging is the action 
of the New York Board of Education 
in passing a resolution that lereafter 
no medals or prizes shall be accepted 
as awards to the students of the Nor- 
mal College, except such as may have 
been previously founded, or from such 
persons as granted prizes prior to 1873. 
If this resolution be proper—that is, 
if the policy abandoned be bad—pray, 
why not abolish the existing prizes? 
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Tue Cuenistry or Licnr axp PaotTocra- 
PUY, IN ITs APPLICATIONS TO ART, Sci- 
ENCE, AND Ixpustry, By Dr, Herstann 
Voce, Professor in Berlin, 100 Tthus- 
trations, Pp. 290, D. Appleton & Co. 
No, X1V. of the “ International Scien- 
titie Series.” 

At the International Convention of Pho- 
tozraphers, held in this country a few years 
ago, Dr, Hermann Vogel, of Berlin, was the 
distingnished German delegate, and was 
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much honored as one of the most eminent 
and successful cultivators of the subject in 
both its scientific and artistic aspects. Per- 
haps uo man in any country was so well 
prepared to make a thorough presentation 
of the principles and practice of this beau- 
tiful process, and, upon being applied to 
to write a book upon the subject for the 
“International Series ” he consented, and 
the 
wisdom of the application. It is worthy the 
reputation of the author and the interest of 
the subject, and is beyond comparison the 
best popular treatise on the chemistry of 
light, and the present state of the arts that 
have grown out of it, that has yet been pro- 
duced. The history of the efforts, by sci- 
entific men, in the early part of the century, 
to fix and preserve in some way the images 
formed by light, is familiar to all. Davy 
and Wedgwood, of England, made the ear- 
liest attempts, in 1802, to seeure such last- 
ing impressions. Their results, however, 
were very imperfect, and from time to time 
the problem was attacked by other chem- 
ists, and was finally solved by Nitpee and 
Daguerre, and the process was given to the 
world in 1840. In the light of all that has 
been done in the past thirty-five vears, the 
little pictures of Daguerre, with their “ ugly, 
mirror-like dazzle, which prevented a clear 
view of them,” are now regarded as insig- 
nificant, but they were at first contemplated 
with wonder. When, however, the process 
was once securely possessed, it was rapidly 
improved and extended, until it has now 
become an important element of civilized 
life. As Dr. Vogel remarks, photography 
has “spread over almost every branch of 
human effort and knowledge, and now there 
is scarcely a single field in the universe of 
visible phenomena where its productive 
influence is not felt. It brings before 
us faithful pictures of remote regions, of 
strange forms of stratification, of fanna, 
and of flora; it fixes the transient appear- 
ances of solar eclipses; it is of great utility 
to the astronomer and geographer ; it regis- 
ters the movements of the barometer and 
thermometer; it has found an alliance with 
porcelain. painting, with lithography, metal 
and book typography; it makes the noblest 
works of art accessible to those of slender 
It may thus be compared to the 


the volume now before us confirms 


means, 
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art of printing, which confers the 


benefit by multiplying the produetion of 


greatest 


thonght, for it conveys an analogous advan. | 


tage by fixing and multiplying phenoment. 
But it does more than this. 
has been called into being by photography, 
the Chemistry of Light; ic has given new 
conclusions respecting the operations of the 
vibrating ether of light. It is true that 
these services, rendered by photography to 
art and science, are only appreciated Jry the 
Men of science have in great measure 


A new science 


few. 
negleeted this branch, after the first enthu- 
siasm excited by Daguerre’s invention had 
evaporated ; it is only cursorily that phys- 
seal and chemical matters are treated on in 
manuals of photography.” 

The interest of Dr. Vogel’s volume is 
not at all confined to the treatment of that 
side of the subjeet whieh is important to 
practical operators. It will be equally ap- 
preciated by the multitudes of people who 
are buyers of photographs, and who not 
only desire to understand the processes by 
which they are produced, but to know what 
are the exeellenees and defects of photo- 
graphie productions, and how they are to 
be intelligently criticised. We print a por- 
tion of one of Dr. Vogel's chapters upon 
this branch of the subject. 


Sciextiric Lonpos. By Bernarp I. Becr- 
er. New York: D, Appleton & Company, 

1875, 840 pages, Price, $1.75. 

Some one has cleverly pointed out the 
tendency of all Anglo-Saxons to organize 
themselves into committees with a presi- 
dent, a vice-president, two secretaries, and 
a treasurer, before they can do any work, 
great or small, or indeed before they feel 
ready to deliderate in concert. We are 
familar cnough with this in America, and 
we are ready enough to laugh at the ex- 
treme to which it is carried; but our Eng- 
lish brothers, and peculiarly our English 
scientific brothers, carry this even further 
than we do. 

Witness the list of the mectings of the 
scientific bodies of London which are an- 
nouneed in .Vafure weekly. Jt is worth 
while to transeribe some of the most impor- 
lant names: 

The Royal Society, the Royal Institu- 
tion, the Society of Arts, the Institution of 
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Civil Engineers, the Chemical Society, the 
Department of Science and Art, the Lon- 
don Institution, the Birkbeck Institute, the 
Society of Telegraph Engineers, the Museum 
of Praetical Geology, the British Associa- 
tion, the Statistical Society, the Royal Geo- 
graphical Socicty—all the foregoing sovic- 
ties are spoken of in Mr. Becker's book, 
while there yet remain of the important 
socicties—the Mathematical Society, the So- 
ciety of Antiquaries, the Royal Astronomi- 
eal Society, the Entomological, the Zoologi- 
cal, the Asiatic, the Meteorological, the Geo- 
logieal, the Linnawan, the Royal Mieroseo- 
pieal, the Royal Horticultural, the Royal 
Botanie Societies, and quite a number of 
others, hardly less important—the Society 
of Biblical Archeology, and the Geologists’ 
ssociation, for example. 

This is a curious and a very instruetive 
list. It shows that year by year the spe- 
cialists in each branch feel obliged to bring 
themselves closer together in order to keep 
pace with the advanees in their peculiar 
subjeet; and it illustrates well the great 
share which the seicntifie societies of Eng- 
land have in forwarding and promoting 
scientific work. There is undoubtedly a 
great deal of good done by this system, for 
each of the minor societics has in it several 
of the great men of the nation, whose in- 
fluence is thus exerted, not only upon the 
Royal Society (of which they are, of course, 
members), but upon a host of younger and 
less celebrated men who are elevated by 
the coutact. 

The system has, tov, an injurious effect 
which is equally apparent: the great men 
become ‘scientific popes” in the eyes of 
their associates, and the ignoring of every 
thing foreign—the “insularity’”’—of Eng- 
lishmen, whieh has become a byword in 
ordinary matters, is specialiy fostered in 
science, where of all places it is most nox- 
ious. 

Thus, to an Englishman, Dela Rue is, 
and always will be, “the father of celestial 
photography,” notwithstanding Draper and 
Bond; and it is so in many other cases, 
But, in spite of this, the great and small 
socicties are a powerful and helpful force 
in England, and they contain a galaxy of 
distinguished names, which may well make 
any country proud. 
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Mv. Becker in his interesting Jittle book 
gives us a glance into several of these great 
societies, or rather he takes us into his 
club, and, making himself and his reader 
yery comfortable, he proeeeds to chat with 
agreeable frankness about what he hus 
seen, about what interests him, whether it 
be the theory of isomeric alcohols, or the 
way the pretty girls of the London audi- 
ences are dressed. Once in a while he 
seems to feel that he is growing trivial, and 
drawing forth a memorandum he gives a 
long (and useful) array of faets and figures, 
But these occasions are rare; he tells his 
listener very pleasantly what he has seen in 
the various scientific companies, what he 
thought, and what he knows about them, 
what amused him and what bored him. 
Almost every one will enjoy his casy talk, 
and almost every one will learn something 
from his book, His view of science and 


nor the most dramatic one. Huxley is one 
of those who have helped “to gild the pill 
of science,” not a strong man earnestly 
striving for what he thinks the right and 
true, Tyndall is quite the same—the en- 


thusiasm, the “sacred rage” in them is 


qnite left out; they are simply men in | 


dress-coats who are successful, eminent, 
and highly to be respected. 

The English astronomer Smyth tells us 
in one of his fascinating books of a visit 
which he made to Encke at the Berlin Ob- 
servatory, and he seizes so well the dra- 
matic side of the situation that bis reader 
almost hears, as he,did, the astronomical 
cloek ticking off the seconds which but 
just now belonged to eteruity and are 
lapsed into time. 

To Mr. Becker, Encke would bave been 
an eminent observer and astronomer, and 
the seeretary of the Berlin Academy; and 
his clock would have been in a mahogany 
case, and would have cost £100 Os. 0d. ; 
but Mr. Becker’s account of the Berlin Ob- 
servatory would have been worth listening 
to, Indeed, it is hardly fair to ohjcet even 
in the least to the manner of the book, 
since its pretensions are so modest and its 
tucts and figures so good; and we are sure 
that all of Mr. Becker's readers will thank 
him tor the quiet enjoyment he gives them 
in his 340 pages of pleasant talk. 
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A PracricaL Treatise oN THE GASES MET 
with in Coat-Mines. By the late J. J. 
ATKINSON, Government Inspector of 
Mines of the County of Durham, Eng- 
land. 53 pp. Price 50 cents. New 
York: D. Van Nostrand. 

Tue author of this little monograph was 
an authority upon the most complicated 
questions of ventilation, and the President 
of the Manchester Geological Society de- 
elares it to be “the most useful book of 
reference yet published on the ventilation 
of mines.” 

The discussion is unquestionably of very 
great Interest to all who have the manage- 
ment of mines, or are exposed to danger 
from ignorance of the nature of the gases 
that are set free in subterranean explora- 
tions. But the little book seems not with- 
out interest to others. The laws of atmos- 
pherice change, and their relations to life, 


|) are general, and the practical problem of 
scientific men is not preciscly the highest 


yentilation, as we eneounter it every day in 
our dwellings, is by no means simple. There 
is much information in this little manual 
relating to the air we breathe, its pressures, 
movements, vitiations, and various proper- 
ties, which is of general interest and im- 
portance. 


OpservaTions OF Stn-Spots aT ANCLAM. 
By Prot. G. Sporrrr. With 23 Litho- 
graphic Plates. Publications of the 
(German) Astronomical Socicty, No. 18. 
Leipsic, 1874. 

We have had occasion to call the atten- 
tion of our readers, from time to time, to 


| various popular works on the physical con- 


dition of the sun (“The Sun,” by Proctor, 
Lockyer's “Solar Physics,” cte.), and we 


now desire to note the appearance of this 


| great work of Dr. Spoerer’s, whieh, with 


Carrington’s “ Observations of the Spots on 
the Sun,” forms the basis upon which future 
theorists must build. 

Carrington’s accurate observations com- 
menced in November, 1853, and sinee that 
time the solar surface has been assiduously 
observed by Carrington, Spoerer, Wolf, 
Secchi, De la Rue, and others, in Europe, 
and by C. IT. F. Peters, Winlock, and Lang- 
ley, in America, Photographie records of 
the sun-spots have been made in America, 
in England, and in Russia; and Germany 
has just established an observatory at Pots- 
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dam which will be exclusively vccupied 
with sun-observations. 

Carrington’s work covered the period 
1855-1861, and Spoerer's extended from 
1861 to 1871, and was done on mueb the 
same plan. IIe, of course, confirms the dis- 
covery by Carringtou of the law whieh de- 
elares that the velocity of the rotation of 
the outer layer of the sun's surface is great- 
est near the sun’s equator and diminishes 
gradually toward the poles, and he arrives 
at other conclusions, a few of which we will 
give, as generally interesting, referring stu- 
dents of astronomy to the original work. 
It is well known, from the recent observa- 
tions (since 1853), that Schwabe's discovery 
is true that the xzmber of spots on the sun’s 
disk is governed by some periodic cause 
which produces a maximum number and a 
minimum number of spots every eleven 
years. Itis probable that magnetism, rain- 
fall, and temperature, and other terrestrial 
phenomena, are connected with this period 
of eleven years, the cause of which is as 
yet unknown. 

Spoerer has discussed the observations 
of the spots separately for each half (i. e., 
northern and southern) of the solar disk. 
Ile finds (page 137) that the points of max- 
imum and minimum frequency of spots are 
reached earlier in the southern hemisphere 
of the sun, “ While the minimum of the 
year 1856 still lasted in the northern hemi- 
sphere, the increase (in the number of spots) 
had already begun in the southern hemi- 
sphere, and had here in 1858 reached a 
maximum,” while in the northern hemi- 
sphere the maximum began in 1860. The 
mean heliographic latitude of the spots, 
however, shows “no characteristic differ- 
ence between the two hemispheres.” 

In the eleven-year period (1854-1864) 
the ratio of the number of spots in the 
northern hemisphere to the number in the 
southern was 933 : 1,000; from 1861-1871 
this ratio was 976: 1,000. The spots on 
the sun give a means of determining the 
velocity of the sun’s rotation, but the de- 


termination of this element is complicated 
by the fact that these spots have a drift or 
proper motion in longitude. Spoerer finds 
the angle through which the suu rotates 
in one day to be 14° 16’ nearly, while Car- 
rington determined this element to be 14° 


VoL, v1.—18 
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11’; that is, Spoerer fixes the time of the 
sun’s rotation on its axis as 25 days, 5 
hours, 87 seconds, This mean value—l4° 
16'—is, however, subject to ebange, and 
Spoerer suggests that further investigations 
may show that the changes which are 
known to occur in this value may be found 
to occur earlier in that hemisphere of the 
sun which has, at the time, the greatest 
spotted area. This question it will require 
several eleven-year periods to settle. 

It is to be hoped that these most valu- 
able researches will be continued, and that 
America will contribute her full share to the 
labor. There is a sure reward awaiting in- 
vestigators in this field. 


Tue Exevations or Certain Datum-Pornts 

ON THE GREAT LAKES AND RivERs, AND 

tn THE Rocky Mountains. By James T. 

Garpner, Geographer (from the Report 

of the United States Geological and Ge- 

ographical Survey of the Territories 
for 1873). Washington: Government 

Printing-Office, 1875. 

Iv this modest pamphlet of thirty pages 
Mr. Gardner has made a very valuable step 
toward utilizing a vast quantity of material 
which has uutil now been little emploved. 
Every railroad or canal bas been loeated 
only after one or two lines of leveling have 
been run between its terminal points, and 
a mere glance at a railroad map of the 
United States will show what an immense 
collection of data exists for the determina- 
tion of the altitude of any point on any 
railroad. 

A complete discussion of this has not 
been attempted, Mr. Gardner’s prineipal 
object having been to determine the altitude 
of Denver, in Colorado, above the mean 
level of the Atlantic Ocean, Denver being the 
point to which the altitudes determined by 
the survey of the Territories are referred. 

Incidental to this object, results of great 
interest have been obtained, a few of whieh 
will be mentioned. The material for the 
work was necessarily of the most varied 


| eharaeter and of many degrees of aveuracy, 


from the first trial-lines of reconnaissance- 
surveys to the final releveling of a finished 


railroad or canal. Great care was neees- 


sary in seleeting from the reports of chief- 
engineers and elsewhere the right figures, 


and in giving proper weights to these when 
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selected. The chief difficulty, however, was 
in joining the ends of various lines, each 
referred to separate points. 

The author personally visited many of 
these terminal points, and had new ceter- 
minations made when necessary. That he 
has succeeded may be seen from his results 
for the altitude of Denver, derived from 
the lines of the Kansas Pacifie and Union 
Pacific Railroads. This altitude is 5,198.97 
feet by the Kansas Pacific Railroad surveys, 
and 5,194.20 feet by the Union Pacifie Rail- 
road surveys, a difference of less than jive 
Jeet in lines nearly 2,000 miles long, which 
were run at different times, by many differ- 
ent engineers. 

In the eastern part of the United States 
there are many opportunities to eheck such 
results in plaees situated on two or more 
roads, and the examination of a few such 
checks will serve to give an idea of the 
agreement to be expected. At Harrisburg, 
for example, we have two lines of level, 
one brought by the Coast Survey and the 
Pennsylvania Railroad from Raritan Bay 
(175 miles), and the other from Baltimore 
by the Northern Central Railroad. The 
first gives 319.91 feet, the second 319.75. 
This agreement is rather closer than could 
be expected, and, although the author does 
not mention it in this connection, it is sub- 
ject to an uncertainty in the determination of 
mean tide at Baltimore, noted further on. 

The height of the Chicago city directrix 
above mean tide, as determined by the sur- 
veys of the Pennsylvania Railroad and its 
conneetions (900 niles), is 585.41 feet; trom 
the surveys of the New York Central Rail- 
road and conneetions 587.57, and this agree- 
ment is perhaps a fair type of what we may 
expect from surveys conducted with eare 
over long-established railway-lines. 

We will adduce one more example, de- 
termining the elevation of the mean surface 
of Lake Erie: the independent results are 
573.08, 572.04, 572.67, 570.75, 571.67, and 
[581.20], The last determination is rejected 
on the testimony of the ehief-engineer of 
the railroad from whose surveys it is given. 

Mr, Gardner states, as the results of his 
experience, that most of the errors found 
are produced by hasty computation and 
earcless combination of results, rather than 
by insperfeet instrumental work. This is 


THE POPULAR SCIENCE MONTHLY. 


shown by his own careful combinatious to 
be the case, since we cannot consider the 
agreemeut he has found as fortuitous, He 
recommends civil-engineers to eonnect their 
surveys with the city-directrices and to send 
a copy of their profiles to the Signal-Office 
in Washington, so that their careful work 
may be made of scientific use, by suitable 
discussion. 

As the results of this investigation Mr. 
Gardner announces that the great lakes and 
the surrounding eountry are now recorded 
9 feet too low, St. Louis 23 feet too low, 
Kansas City 100 feet too low, Indianapolis 
100 feet too low, and Omaha 81 feet too low. 

These corrections rest on various data, 
and are not all of equal certainty, but they 
must be aecepted for the present. The 
whole subject must eventually be thoroughly 
discussed; until it is, this valuable research 
will be the standard, 


Potartzation or Licut. By WiLiram Sport- 
riswoope, M.A.,F. R.S., ete. New York: 
Macmillan, 187 pp. Price $1.00. 

Tue diffusion of Prof. Tyndall’s “ Leet- 
ures on Light” in tens of thousands of 
copies throughout the United States has 
awakened a popular interest in even the 
more abstruse questions connected with 
that topie. Mr. Spottiswoode’s little vol- 
ume is devoted to the phenomena of po- 
larization, which it diseusses in a style 
adapted for popular comprehension. The 
method of the book is synthetic—the phe- 
nomena of polarization and its different 
processes are first brought before the mind 
of the reader in a number of experiments 
(which are fully illustrated); then the author 
explains what is meant by the undulatory 
theory of light. The phenomena of polari- 
zation are seen to accommodate themselves 
so thoroughly to this theory, that a simple 
approximation of the two is sufficient to 
prove that the one is the daw of the other. 
Having thus coérdinated the phenomena, 
the author considers in separate ehapters 
“Cireular Polarization,” ‘‘ Phenomena pro- 
dueed by Mechanical Means,” “ Atmospheric 
and other Polarization,” “ Figures produced 
by Crystal Plates,’ and “ Composition of 
Colors by Polarized Light.” The subject 
last named is illustrated by means of two 


: very beautiful ehremo-lithograph plates. 
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Waar is Music? By Isaac L. Rice, 
Author of “ Analysis and Practice of the 
Seales.” 94 pp. Price 50 cents. New 
York: D. Appleton & Co. 

Turs is an ingenious essay by a musical 
prolessor who not only practises the art, 
but speeulates freely and boldly upon its 
nature and origin. The theories of music 
which have becn hitherto proposed do not 
satisfy him, and he is inelined to consider 
that the aneients were nearer right in their 
views of the subject than the moderns. 
The contrast between the aneient and the 
modern stand-points he takes to be, that 
the ancients looked upon music eosmieally, 
or considered it a part of Nature, while the 
moderns are more disposed to regard it as 
something subjeetive. The first half of the 
work is devoted to an exposition of the 
various theories that have been proposed 
—Chinese music, Hindoo music, Egyptian, 
Greeian, Arabic, and Persian theories, and 
its seholastie interpretations in the middle 
ages, The doctrines of Euler, Helmholtz, 
and Iferbert Speneer, are reviewed, and with 
the latter author Mr. Rice takes issue on 
many of his positions. The latter half of 
the work is devoted to a presentation of his 
own views of the subject. Tlis idea seems 
to be that, as beauty of form or color is a 
principle of Nature, displayed in space, so 
musie is a principle of beauty in Nature 
displayed in time. The key to the author's 
position is given in the following passage: 


“Now, what is music? The beautifier of 
time, is the simple and eategorical answer— 
an answer, too, from which further answers 
to all questions springing from the original 
question may be deduced; an answer that 
serves as the corner-stone of the fundamen- 
tal theory of music itself. It is to adorn 
the ever-moving space of existence that 
music was generated and the germs of its 
development were placed within it. In the 
space of rest, in visible Nature, Nature it- 
self has undertaken the task of beautifying. 
And there she has lavished beauties untold 
and unnumbered. Beauty reigns on the 
mountain and in the valley, on the hill and 
in the dale. It is present in the gentle grove 
as well as in the mighty forest. It is in the 


little brook and in the magnificent oecan, It | 


is in man and woman, in the birds, in the 


plants—any where, everywhere, it meets our | 


eyes, if we will but see. There are beauties 
of all kinds and degrees, from the sublime 
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tothe graceful, from the magnificent to the 
picturesque. All this has Nature done for 
space—and to do something similar for time 
is the graud and holy objeet of music. The 
materials of which music is composed ex- 
ist only in Time, and here we have the ex- 
planation of many of the characteristies of’ 
music, Time is motion, is life, yet the sure 
bringer of change, of death. As it is motion. 
its influence upon us is emotional, agitating ; 
as it coustantly tells us of ehange and death, 
it awakens the teelings of melancholy within 
us. Music, as it beautifies the passing mo- 
luents, yet tells us that they are passing, 
and consequently it is so prone to cause 
sadness.” 

Without indorsing Mr. Riee’s views, 
which seem to us rather fanciful, his little 
work will be found suggestive, and contains 
withal mmeh curious information that will 
interest the lovers of musieal literature. 


CnemicaL Exawination or ALcononic Li- 
qacors. A Manual of the Constituents 
of the Distilled Spirits and Fermented 
Liquors of Commeree, and their Quali- 
tative and Quantitative Determination. 
By Apert Prescott, Professor of Ur- 
ganie and Applied Chemistry in the 
University of Michigan. 108 pp. Price 
$1.50. New York: D. Van Nostrand. 
Tus volume concentrates the rays of 

the latest chemical seienee upon the subjeet 
of spirituous liquors. The author has noth- 
ing to say of the physiological, pathologi- 
eal, or moral effects of aleoholie beverages, 
but veeupies himself simply with the ques- 
tion of their composition, produetion, eon- 
stituents, and imitations ; and his book be- 
ing written under no bias, but simply to 
state the seientifie fuets, may be taken as 
entirely trastworthy. Its especial value 
will be to ehemists who may be required 
to investigate the constituents and the pu- 
rity of aleoholie liquors. 


| ELEVENTS OF MAGNETISM aND ELEecrricity. 


By Jown ANGELL, 172 pp. Priee 75 
eents, New York: Putnams, 

Tuoveu the author’s purpose is to fit 
students to “ pass in the first elass in the 
elementary stage of the government scienee 
examinations’ for aspirants to position in 
the civil service of Great Britain, the work 
has a value of its own, as being a suecinet 
statement of the sciences of magnetism and 
eleetricity. 
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Principtes OF Metat-Mintxc. By J. H. 
Cotiins, F. GS. 150 pp. Price 75 cents. 
New York: Putnams. 

Tne object of this little work is to con- 
vey some elementary knowledge of the 
principles and facts of miming in a form 
suitable for the instruction of yonng miners. 
It teaches them what to observe, and how 
to interpret their observations. 


Tne Treatuest or Nervous Diseases BY 
Exectaicity. By Dr, FrrepricH FIEBER. 
Translated by George M. Schweig, M. D. 
64 pp, Price 75 cents. New York: 
Putnams. 

Tins little treatise is addressed to the 
medical profession. It aims to set forth 
the many advantages of electro-therapy, 
with a view to popularizing it among medi- 
cal men. 


Tue CrntivaTion or ART, AND ITS RELA- 
tions TO Retigious PuRITANISM AND 
Money-Gertixg, By A. R. Cooper. 48 
pp. Price 25 cents, New York: Charles 
P, Somerby. 

A THOUGHTFUL, earnest, temperate plea 
for esthetic culture. 


3y Joun AL- 
New 


ANTIQUITY OF CHRISTIANITY. 
BercEeR. 61 pp. Price 35 cents. 
York: Charles P. Somerby. 
Tuts is an attempt to trace the distinc- 

tive dogmas of the Christian religion to 

heathen originals. 
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Astronomical and Meteorological Obser- 
vations made during the Year 1872 at the 
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By Dr. Elliott Coues, 
Pp. 28. YPhiladel- 


Invertebrate Fossils collected by Wheel- 
er’s Expeditions of 1871, 1872, and 1878. 
By C. A. White, M.D. Pp. 27. Washing- 
ton: Government Printing-Office. 
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Theory of Education in the United States 
of America, pp. 22; and National Bureau of 
Education, pp. 16. Washington: Govern- 
ment Printing-Office. 


Migrants and Sailors in their Relation to 
the Publie Health. By Drs. John M. Wood- 
worth and Heber Smith. Pp. 21, Cam- 
bridge: Riverside Press, 

Report of the Commissioners of Luna- 
cy to the Commonwealth of Massachusetts 
(1875). Pp. 79. 

A Guide to the Practical Examination 
of Urine. By James Tyson, M.D. Pp. 182. 
Price, $1.50. Philadelphia: Lindsay & Bla- 
kiston. 

Report of the Trustees of the Building- 
Fund of the Philadelphia Academy of Sci- 
ences. Pp. 24. 

Prison Association of New York, Thir- 
teenth Annual Report. Pp. 28. 

Report upon the Sanitary Qualities of 
the Sudbury, Mystic, and other River Wa- 
Pp. 108. Boston, 1874. 


Ohio State Medical Society. 
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Alimentation, By S. A. C. Hamlin, M.D. 
Pp. 23. 

Hand-book of the Kansas Agricultural 
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Notes on the Natural Ilistory of Dor- 
tions of Montana and Dakota. By J. A. 
Allen. Pp, 61. Boston, 1874. 


Annual Report of the Treasurer of the 
United States for the Fiseal Year ended 
June 30, 1874. 

The Transmission of Sound by the At- 
mosphere. By Tyndall. Gigantic Cuttle- 
Fish. By Saville Kent. Pp. 82. Price, 25 
cents. Boston: Estes & Lauriat. 

Municipal Law, and its Relation to the 
Constitution of Man. By R. 8. Guernsey. 
Pp. 11. 

Man and Nature. By Dr. Samuel W. 


Francis. Parts II. and iV. Vp. 28 and 15. 
Newport, R. L: ©, E. Uammett. 


Modern Thought and Ancient Dogmas. 
Nos. ] and 2, Pp. 21 and 28. San Fran- 
cisco, 1875. 
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Captare of a Herd of Elephants.—aA 
correspondent of Land and Water tells of 
the eapture, in the Mysore distriet, India, 
of a herd of elephants, numbering forty-nine 
head. An irrigating canal winds through 
a dense jungle, at some points approaching 
a small river, at others stretching away 
from it into the jungle. In one place a 
bend of the canal forms, with the river, an 
inclosure in the shape of a horseshoe, 
containing about fifteen acres of wooded 
ground. To this place elephants resort 
during the monsoon, crossing the canal at 
three or four points where the banks have 
become trodden down by constant use. In 
order to trap the entire herd, two lines of 
chains were stretched across the river at 
the ends of the horseshoe, and a trench 
was dug on the river-bank to cut off eseape 
on that side. The elephants having crossed 
into the inelosure, the fords were barricaded 
with cocoa-nut trees, the cana) deepened at 
those places, and two deep trenches cut 
from the canal to the river. Fires were 
kept up at night on the banks of the canah 
Meanwhile a deep, circular trench was dug, 
inclosing about an acre of ground, and two 
parallel trenches were also dug, leading 
from the horseshoe to this small inelosure. 
Drop-gates were made to prevent the ani- 
mals leaving this keddah when once they 
had entered it. 

A large force of men were now direeted 
to drive the herd into the kedduh. The 
first attempt failed, the elephants stamped- 
ing back into the horseshoe after a few of 
them had entered the inclosure. A second 
effort was crowned with success. First came 
a female with her calf; then seven other fe- 
males, and after a while on came the entire 
herd with a rush, males, females, and calves, 
ofall sizes, “ like a herd of rather large pigs, 
jostling and pushing one another through 
the gate-way.” When the last was in, 
down went the gate, and they were all se- 
cured. The catching of the elephants one 
by one was the work of several days. “The 
men ride in among them on tame beasts, 
and put ropes round their legs and necks, 
after which the tame elephants drag them 
out in spite of all resistance, and they are 
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chained one by one to trees to be trained at 
leisure. They do not mind the tame ele- 
phants mixing with them at all, even with 
men on their backs, but they object strong- 
ly to the men on the ground, who have to 
put on the ropes, The clever way in which 
the tame elephants help is wonderful: they 
move close up to the wild ones, and under- 
stand how to put their legs so as to shield 
the men from all kicks ; they take hold of 
the wild ones’ legs and trunks with their 
own trunks, and are invaluable.” 


Habits of the Cottan-Worm.—<Accord- 
ing to Mr. Aug. R. Grote, the cotton-worm 
dies out every year, with its food-plant, and 
its next appearance is always the result of 
immicration. He has observed that the 
appearance of the worm in the cotton-fields 
is always heralded by flights of the moth. 
The worm is always heard of to the south- 
ward at first, and never to the northward 
of any given locality in the cotton-belt. 
Mr. Grote never could diseover any traces 
of the insect in any stage during the months 
preeeding the appearance of the first brood 
heralded by the moth, and after the eotton 
was above the ground. Hence he concludes 
that while the cotton-plant is not indige- 
nous to the Southern States (where it be- 
comes an annual) the cotton-worm moth 
may be esteemed not a denizen but a visit- 
ant, brought by various causes to breed in 
a strange region, and that it naturally dies 
out in the cotton-belt, unable to suit itself 
as yet to the altered economy of its food. 
plant and to contend with the changes of 
our seasons. Possibly in the southern por- 
tions of Texas, or in the Floridian peninsu- 
la, the cotton-worm may be able to sustain 
itself during the entire year. Its true home, 
however, appears to be the West Indies, 
Mexico, and Brazil, where the cotton-plant 
is perennial. 


Coal in Cailfornian—Dr. J. C. Cooper, 
formerly connected with the State Geologi- 
cal Survey of California, made some inter- 
esting remarks at a late meeting of the 
California Academy of Sciences on the sub- 
ject of California coal. The frequent re- 
ports in the newspapers of discoveries of 
valuable coal deposits in different parts of 
| the State he characterized as misleading, 
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not more than one in a hundred of such so- 
ealled coal-beds having any value whatever. 
Unlike the true coal of the carboniferous 
rocks formed from tree-ferns, alga, and oth- 
er plants of low organization, that of the 
Pacific coast contains the remains of conif- 
erous and dicotyledonous trees, and be- 
longs to the cretaceous rocks, or is of even 
later origin. It is the lignite of geologists. 
Many of the beds of this material are too 
thin to work, a thickness of two feet being 
the minimum that can be economically taken 
out. For all practical purposes this lignite 
in many localities is as good as the older 
coal, but the thinness of most of the beds 
wakes them useless as sources of supply. 


How the Amoeba takes its Food.—Prof. 
Leidy has observed an ameeba in the act 
of taking in its food, and, at a recent meet- 
ing of the Philadelphia Academy of Sciences, 
showed that these curious animals, at least 
in some instances, employ their pseudo- 
pods as instruments for capturing the mi- 
nute creatures on which they prey. It has 
eommonly been supposed that the amerba’s 
food simply sticks to its body and “ falls 
through ” into the stomach-sac. Prof. Leidy 
saw the two pseudopods of an Ameabu prin- 
ceps gradually approach, come in contact, 
aud then actually become fused—thus se- 
curing between them a flagellate infusorium. 
The infusorium continued to move back and 
forth, endeavoring to escape, “At the next 
moment a delicate film of the entosare pro- 
ceeded from the body of the amoeba, and 
gradually extended outwardly, so as to con- 
vert the cirele of the pseudopods into a 
complete sac, inclosing the infusorium.” 


A Fresh-water Sponge.—At a recent 
meeting of the New Jersey Microscopical 
Society, at New Brunswick, its Secretary, 
Prof. Lockwood, exhibited specimens of a 
fresh-water sponge, discovered by himself 
in a pond at Port Republic, New Jersey. 
The sponge grew in masses, covering sey- 
eral square yards of surface, with a thick- 
ness varying from an inch to two inches. 
It has a dichotomous habit of growth, and 
the sarcode, or sponge-flesh, was of an in- 
tensely dark-green color. It seemed quite 


closely related to the Spongilla fluviatilis. | 


Some slides were shown with the spicules 
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cleaned by treatment with boiling nitric 
acid. With a new lens of low power (sev- 
enty-five diameter), just made by George 
Wale, and of most excellent definition, the 
silica-spicules were finely brought out. They 
are cylindrical, curved, and pointed at both 
ends. They are limited to one form, and 
are arranged in little fascicles of about 
twelve spicules in each bundle. 


A. Crum Brown on Chemical Theory.— 
In his address, as President of the Chemi- 
cal Section of the British Association, Dr. 
A, Crum Brown defined chemical constitu- 
tion as the order in which the constituents 
are united in the compound, and pointed 
out that the study of chemical changes 
(composition and decomposition) cannot 
lead us to a knowledge of the relative po- 
sition of the atoms, But such a knowl- 
edge is required before a real theory of 
chemistry can be attained, and a knowl- 
edge of the intimate structure of matter 
may be looked for from an examination of 
the physical properties of substances, and 
a comparison of these with their chemical 
constitution. This, he maintained, is truly 
a branch of chemistry, and the greatest 
progress in it had been made ty chemists, 
as might be proved by reference to the 
works of Faraday, Graham, and Andrews, 
By pursuing this branch, discoveries might 
be made which would lead to an hypothesis 
directiy connecting chemistry with dynam- 
ics, and enabling us to apply mathematics 
directly to chemistry. The theory of chem- 
istry would then be a particular case of the 
theory of dynamics. Such a result must 
be expected by all who believe in the prog- 
ress of human knowledge and in the con- 
sistency of Nature. 


Changes attending the Process of Germi- 
nation.—In the course of their researches 
on germination, Messrs. Dehérain and Lan- 
drin have discovered that, when mcist seeds 
are kept for two or three days in » closed 
tube above a column of mercury, the vol- 
nme of air decreases even before carbonic 
acid has made its appearance. Moist secds 
have, therefore, the property of condens- 
ing gases after the manner of porous 
bodies. But no gas can lose the aériform 
state without at the same time giving up 
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some of its latent heat; and it is precisely 
this disengaged heat which raises the tem- 
perature of the oxygen to such a degree 
that it begins to attack the tissues of the 
seed, and to awaken the life which lay dor- 
mant in it. The authors hold the mech- 
anism of germination to be as follows: 1. 
Softening of the seed-envelopes by water; 
2. Penetration of gases and disengagement 
of heat; 3. Alteration of the principles con- 
tained in the seeds by the heated oxygen. 
A memotr, giving full details on this sub- 
ject, will shortly appear in the “ French 
Annals of the Natural Sciences.” 


Marvine’s Survey of Western Colorado. 
—From a letter of a New York Times cor- 
respondent, we take the following notes of 
the survey of Western Colorado, by Mar- 
vine’s division of Hayden's exploring party: 
The most interesting section visited was 
the high mesa lying near the head of the 
White River. This mesa is nearly 1,000 
miles in extent, and has an average altitude 
of about 12,000 feet. A large portion of it 
is a lava-bed, with innumerable lakes scat- 
tered over its whole extent, The influence 
of these lava-beds on the climate of this 
section is very marked. The party reached 
the mesa about the middle of September ; 
it was almost enveloped in clouds; there 
were about four inches of snow, and the 
thermometer was down to 6°. The clouds 
lay on the mesa for weeks, thongh in the 
valley it was clear, On the east the mesa 
descends in precipitous slopes to the flats 
in Egeria Park; on the west the great lava 
plateau gradually falls and becomes well 
timbered, chiefly with spruce; the lava-top 
ceases, and is replaced by the sedimentary 
rocks rising from beneath it. The While 
River country, lying north of the mesa, 
constitutes the Ute Indian Reservation, and 
is described by Marvine’s party as a grand 
hunting-ground, with game in abundance, 
plenty of water and timber, and large areas 
of fertile soil. It is the best portion of 
Colorado west of the Parks. The eountry 
in Egeria Park, east of the mesa, abounded 
in a great variety of beautiful wild-flowers, 
and raspberries of rich flavor. Mr. Barber, 
the botanist of the party, secured a large 
and rare collection. Toward the western 
limit of the region explored, excellent coal 
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began to appear, with the promise of much 
beyond, 

€ 

Voeleker on the Quality of Mik,—Dr. 
Voelcker, who holds high rank in England 
as an agricultural chemist, asserts that, 
owing to the natural variations in the qual- 
ity of milk, it is utterly impossible, in all 
cases, to ascertain whether a small quantity 
of cream has been removed from milk, or 
an inconsiderable proportion of water added 
to it. As the result of his own experience, 
he states that milk may be considered rich 
when it contains 12 per cent. of solid mat- 
ter, of which 3 or 84 are pure butter, If 
it contains over 124 per cent. of solid mat- 
ter, and has 4 per cent. or more of fat, it is 
of extra-rich quality. Good milk, of fair 
average quality, contains from 10} to 11 
per cent. of dry matter, including about 24 
per cent. ot pure fat. Poor milk contains 
90 per eent. or more of water. If milk is 
both skimmed and watered, it yields less 
than 4 per eent. of eream, and its specific 
gravity is about 1.025, A great many ex- 
periments have led the author to the con- 
elusion that, within eertain limits, the spe- 
eifie gravity is the most trustworthy indica- 
tor of quality, Some of the objections to 
the use of hydrometers are based on the 
mistaken opinion that ereain is lighter than 
water. It is lighter than milk, but, eom- 
pared with walter, it is as 1.012, or even 
1.019 to 1.000. A low specifie gravity thus 
always indieates a larce proportion of water. 
From sundry observations, it appears that 
good, pure milk has a specific gravity of 
1,030, skimmed milk being a little lighter ; 
and, further, that milk with a specifie gravi- 
ty below 1,025 is either mixed with water, 
or is naturally very poor. A useful instru- 
ment for approximately determining the per- 
centage of cream is a graduated glass tube, 
at the top of which the cream may be al- 
lowed to collect, and its quantity may be 
read off. 


The Royal Society of Great Britain.— 
The origin of the English Royal Society is 
related as follows in the “ Memoirs of the 
French Academy.” We give the passage 
as translated in Nature: “Full fifty years 
had elapsed (in 1686) since the learned men 
who lived in Paris began to meet at the 
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abode of Father Mersenne, who was the 
friend of the most learned men in Europe, 
and was pleased to be the centre of their 
mutual visits. Messieurs Gassendi, Des- 
cartes, Hobbes, Roberval, Pascal (father 
and son), Blondel, and some others, met at 
this place. The assemblies were more reg- 
ularly held at M. de Montmort’s, Master of 
Request in Parliament, and afterward at 
M. Thevenot’s. A few foreign visitors to 
Paris were present at these meetings.... 
It is possible that these Paris assemblies 
have given birth to several academies in the 
rest of Europe. However, it is certain that 
the English gentlemen who ereated the 
Royal Society had traveled in France, and 
had visited at Montmort’s and Thevenot’s. 
When they were again in England they 
held meetings at Oxford, and kept on prac- 
tising the exercises to which they had been 
accustomed in France. The rule of Crom- 
well was beneficial to these meetings. 
These English gentlemen, seeretly attached 
to their legitimate lord, and unwilling to 
take any part in public affairs, were very 
glad to find an occupation which would 
give them an opportunity of living far from 
London without being suspected by the 
Protector. The Society remained in this 
state up to the time when Charles II., hav- 
ing resumed the kingly office, brought it to 
London, confirmed it by bis royal power, 
and gave it privileges. So Charles II. re- 
warded the sciences which had lent an easy 
pretext for keeping the faith toward him.” 


Vitality of Seeds.—Two years ago a few 
peas, in a very dry and hard state, were 
found in a sareophagus containing a mum- 
my, in the course of certain excavations 
going onin Egypt. The idea was conceived 
of testing the vitality of these peas, buried 
as they had been for thousands of years. 
Three of them were planted, which grew 
and produced enough to cover, in the year 
following, a considerable field. Some of 
of the stalks reached a height of more 
than six feet, and attained a size whieh was 
altogether extraordinary, and a strength 
which rendered them self-supporting. The 
flowers were white and rose-colored, and of 
delicious freshness. The pods were grouped 
on either side of the stalk, in a sort of cireu- 
lar zone toward the top, and not regularly 


THE POPULAR SCIENCE MONTHLY, 


distributed throughout the plant, as in the 
common pea, It is believed by those who 
have examined this ancient pea and tested 
its edible qualities that it belongs to the 
family of the ordinary pea of our gardens, 
but that it is a special variety distinguished 
by the characteristics above mentioned in 
regard to the form of the stalk and the dis- 
position of the pods. 

In corroboration of the fact that seeds 
will retain their vitality for an indefinite pe- 
riod when embedded deep in the earth, Prof. 
von Ileldreich, of Athens, Greece, states 
that on the removal of the mass of slag ac- 
cumulated in working the Laurium silver- 
mines, some fifteen hundred years ago, a 
quantity of a species of glaucium, or horn- 
poppy, has made its appearanee; and, what 
is remarkable, it proves to bea new and un- 
deseribed species to which the name Glau- 
cium serpiert has been given. Prof. Niven, 
of the Iull Botanic Garden, England, in 
further corroboration of the same fact, 
mentions several instances of extraordinary 
vitality of seeds, from his own observation, 
and remarks that, ‘‘ Doubtless the absence 
of air, an equable and unvarying condition 
as regards moisture and temperature, and 
above all the complete neutralization of the 
physical influence of the sunlight, eonsti- 
tute the means by which Nature exercises a 
preservative power in seeds as astounding 
as it is interesting.” 

To the above might be added the fact so 
well kiown to the farmers of Monmouth 
County, New Jersey, that the green-sand 
marl sown upon lands almost sterile “ brings 
in white clover” (Trifolium repens) where 
it was not known before. 


Receat Observations of the Planet Venus, 
—Some eight years ago Prof. C, S. Lyman 
communicated to the American Journal of 
Science a brief notice of some observations 
made on Venus when near her inferior con- 
junetion in 1866. So far as appears, the 
planet was then for the first time seen as a 
very delicate luminous ring. An opportu- 
nity of repeating these observations pre- 
sented itself on the oceasion of the recent 
transit, and Prof. Lyman has another com- 
munication upon the subject in the same 
journal, “On Tuesday, December th,” 
he writes, ‘‘ Venus was again in close prox- 
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imity to the sun, and the writer had the 
satisfaction of watching the delicate, silvery 
ring inclosing her disk, even when the 
planet was only the sun's semi-diaimeter 
from his limb. This was at 4 Pp. M., or less 
than five hours before the beginning of the 
transit. The ring was brightest on the side 
toward the sun—the crescent proper. On 
the opposide side the thread of light was 
duller and of a slightly yellowish tinge. On 
the northern limb of the planet, some 60° 
or 80° from the point opposite the sun, the 
ring for a small space was fainter and ap- 
parently narrower than elsewhere, A sim- 
ilar appearance was observed on the same 
limb in 1866. The morning after the transit 
the sky was slightly hazy, and the planet 
could not be found, On the day following 
(the 10th) the crescent, extending to more 
than three-quarters of a circle, was seen 
with beautiful distinctness in the 9-inch 
equatorial, and on this and two subsequent 
days measurements were taken with the 
filar micrometer for the purpose of deter- 
mining the extent cf the cusps, and conse- 
quently the horizontal refraction of the at- 
mosphere of the planet. These observations 
give a mean of 44’.5 as the horizoutal re- 
fraction of Venus’s atmosphere, or about 
one-quarter greater than that of the earth’s, 
Six measurements of the diameter of the 
planet ou the 10th give 63.1. Twenty-four 
on the 11th give 63°.75.” 


Bloudean on the Causes of Disease.—In 
the Moniteur Scientifique for November 
there is a very ingenious essay, by Dr. C. 
Blondeau, on the causes of disease, in which 
the author endeavors to show that morbid 
states are always the result of disordered 
cellular function. His argument is sub- 
stantially as follows: The cell exists before 
the organized being, virtually includes it, 
and survives it after the play of its organs 
has been arrested. Hence, in order to un- 
derstand the phenomena of the organiza- 
tion, we must study the cell which, when its 
functions are not disordered, is the primary 
cause of life and motion, but, when they 
are interfered with, of death. During life, 
every thing depends on the cell—when the 
animal respires, the cell acts the chief part 
in that function; when a muscle contracts, 
it is the muscular element, the cell, that 


feels the action of heat and causes the 
muscle to move. The same is to be said of 
nervous and glandular action. In a word, 
the life of the organism is simply the re- 
sultant of the life of the cells, their indi- 
vidual existence being codrdinated to sub- 
serve a perfectly definite object. When 
this codrdination is interfered with, we have 
disease. And hence, if we would reéstab- 
lish the equilibrium, we must remove the 
obstacles which hinder the cell in the dis- 
charge of its functions; but to this end we 
must understand the nature of the agents 
whieh so interfere with its functions. These 
agents are all the poisons, whether organic 
or inorganic—whether viruses or mineral 
substances. The remedies to be employed, 
therefore, are counter-pvisons, also derived 
from these two kingdoms. Innoeuous vi- 
ruses introduced into the animal economy 
may neutralize the dangerous effects of 
those which are toxic, just as certain min- 
eral salts may destroy the discase-germ 
without endangering the life of the patient. 
Thus the germ of small-pox is nentralized 
by vaccine virus, and the syphilitic virus by 
the salts of mereury. 

When it has been demonstrated that dis- 
case is the result of disordered cell-seere- 
tion, then medicine will rest upon a scien- 
tifie basis. But, so long as we persist in re- 
garding the human body as a mechanism set 
in motion by the same forces which act 
upon inorganic substances, we shall never 
be able, says the author, to explain the ac- 
tion of poisons on the organism. Until it 
is admitted that the blood is, for the most 
part, composed of organized living cells, 
that these cells act the principal part in 
forming and maintaining all our organs, and 
that they may undergo modifications which 
lead to serious maladies, we shall never be 
able to trace the disturbances oceurring in 
the economy to any certain and definite 
cause, or to discover the proper remedies, 


Tree-Planting in Towns.—The Arneri- 
can Garden makes an earnest plea for the 
planting of trees in the streets of cities, as 
a sanitary measure, Growing plants assim- 
ilate the carbon of carbonic acid, discharg- 
ing its oxygen into the atmosphere. The 
respiration of men and animals and the 
consumption of fuel load the atmosphere 
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with carbonic acid, and the orly means of 
destroying that poisonous gas is found in 
plant-agency. Hence, if the atmosphere of 
a eity were to be inclosed within imperme- 
able walis, and there were no growing plants 
within the inclosure, the air would quickly 
become irrespirable, But of course the 
air is nowhere thus walled about, and hence 
the deleterious gases it contains are dissi- 
pated and carried away by the unceasing 
movement of the atmosphere to other re- 
gions where an abundant vegetation may 
deprive it of its carbonic acid. Still, there 
is no doubt that this purification of the air 
is accelerated by the presence of vegeta- 
tion in the cities themselves. The writer 
in the Garden asserts that “ Paris has now 
so large a number of parks, and its streets 
and boulevards are so profusely planted 
with trees, that the death-rate has been 
thereby reduced from one in thirty-four as 
it formerly was, to one in thirty-nine as it 
now is,” 

But trees are further of service in shad- 
ing gutters and road-ways, thus materially 
retarding and preventing the action of the 
sun in producing noxious fermentation. 
Then, too, the roots of the trees take up large 
quantities of such matters as are washed by 
the rains into the interstices of the pave- 
ments. Besides these direct sanitary bene- 
fits, we must also take note of the comfort 
derived from the shade of the sidewalks. 
Last, though not least, the beauty of our 
cities would be greatly enhanced by the 
planting of trees in the streets. The author 
recommends the planting of the sunflower 
on the Harlem flats of this city. By this 
means the poisonous gases arising from the 
decaying garbage used for filling these flats 
would be neutralized far more effectually 
than by the application of either “injunc- 
tions or disinfeetants.”” 


Magnetism and the Imagination.—Dr. 
Volpicelli, in a communication to the French 
Academy of Sciences, describes certain ex- 
periments made by him to determine whether 
a magnet can have any influence upon per- 
sons of nervous constitution. The first per- 
son experimented on was a patient of the 
hospita} Sauto Espirito, in Rome, whom the 
sight of a magnet was sufficient to throw 
into convulsions, Volpieclli brought with 
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him a simple piece of unmagnetized iron ; 
this, however, produced all the effects at- 
tributed to the magnet. The sceond experi- 
ment was made on a person similarly af- 
fected with nervous disorder. Volpicelli 
placed a magnet in this person's hand, and 
soon the super-excitation was such that it 
had to be taken away. A few days later 
the subject of this experiment presided at 
a meeting of scientific men. All unknown 
to him, magnets had been introduced into 
his chair, into the drawer of his table, under 
his feet—in short, all around him, The 
meeting lasted for two hours, and, at its 
close, on being asked how he felt, he de- 
clared that he was perfeetly well. “It ap- 
pears to me,” continues Dr. Volpicelli, 
“that these two experiments are sufficient 
to prove that magnetism has no effeet upon 
the nervous system, and that the cause of 
the effects produced by the presence of a 
magnet is to be attributed only to the ima- 
gination. As I have shown, if we bring one 
or more powerful magnets near to a patient 
without his suspecting their presence, no 
appreciable effect is produced. For the 
physiologist, the most interesting cireum- 
stance connected with these experiments is 
the diversity of effects produced by the ima- 
ginution in nervous subjects when they sce 
a magnet, or suppose the presence of one, 
The diversity of these effects will, perhaps, 
lead to the discovery of some new truths.” 


A Lost Species rediseovered.—How sad 
the idea of the loss of a species! Suppose 
our robins were reduced to a single living 
specimen? When inevitable death should 
come, the going out of that one individual 
life would be the extinction of its race for- 
ever, There is the typical fact of the dis- 
appearance of the dodo, And at home we 
have the equally remarkable fact of the 
extinction of that noble shore-bird, the 
great auk. It is now fifty-five years since 
Major Long’s expedition returned from the 
Rocky Mountains, bringing many unknown 
forms of life. Of this expedition Thomas 
Say was chief zoologist. Among the many 
new species was one especially of the Ci- 
cindela, or tiger-beetles, those beautiful in- 
seets which have always been fayorites with 
the entomologists, Say deseribed, and 
named it Cieindela limbata, At that time 
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the Rocky mountains were almost the wlti- 
ma Thule of Western adventure. The same 
region now is wellnigh the geographical 
centre of the West, and has been the field 
of much good work by naturalists. How- 
ever, that insect, although most assiduous- 
ly looked for, was never found, and belief’ 
had nearly settled down that Say was in 
error about his new species, or that the 
species had become extinct. Unfortunate- 
ly, Say’s collections were all long ago de- 
stroyed, and only his published description 
of the species remained, 

In the current number of Psyche, E. 
P, Austin says: ‘‘ Last summer, while en- 
gaged on the survey of the north bound- 
ary of Nebraska, [ visited one of the nu- 
merous hills of drifting sands with which a 
large part of that section is covered, when 
I saw a cicindela fly up, which was evident- 
ly quite different from any thing I had ever 
seen before; on following it, it lighted on a 
steep slope of bare sand, where, after some 
exertion, I succeeded in capturing it. By 
going over the sand, [ saw others, and dur- 
ing the time that I remained in that vicin- 
ity—about an hour—they increased in fre- 
quency, a circumstance which I thought 
due to disturbing them in their hiding- 
places by trampling the sand.” 

On his return East, Austin worked the 
insect out ; and Jo! it was the long-lost spe- 
cies, Cicindela limbata of Say. 

The rediscoverer says : “It may appear 
singular that the species should have re- 
mained undetected so long; but owing to 
its small size and great activity, as well as 
because it probably is confined to the barren 
sand-hills, which are not promising regions to 
collect in, it is evident that, but for its acci- 
dental discovery, it might have remained 
undetected much longer.” 


Economizing the Heat of Waste Steam. 


—Mr. Spence lately exhibited in London , 


his plan for the employment of waste steam 
as a substitute for fuel. This method is 
founded on a discovery made by the father 
of the inventor, and announced by him to 
the British Association in 1869, viz., that 
steam liberated at atmospheric pressure, 
and passed into a saline solution having a 
boiling temperature higher than that of 
water, raises the solution to its own boiling- 
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point. Thus, as Mr. Spence showed ex- 
perimentally, if we take a nitrate-of-soda so- 
lution, which boils at 250°, and blow into it 
steam at 212°, the temperature of the solu- 
tion will be raised to 250°, the steam con- 
densing and yielding its heat. Mr, Spence 
uses the solution of caustic soda, both on 
account of its high boiling-point, and be- 
cause it does not act injuriously upon iron. 
The exhaust steam will raise this solution 
to a temperature of 375°, and the heated 
solution is then circulated through pipes 
in an ordinary boiler, and its heat is radi- 
ated, for the purpose of generating steam 
in the place of heat derived from fresh 
fuel. If the boiler is at a pressure of 80 
pounds, the solution will leave it at a tem- 
perature of 250°, so that 125 degrees of heat 
would have been yielded to the water. The 
solution having been to some extent diluted 
by the condensation of the exhaust steam, 
its capacity for heat will be corresponding- 
ly reduced ; and, if steam at 212° were again 
blown through it, it would not reach the 
same temperature as before. It is there- 
fore passed into another boiler of ordinary 
eonstruetion, where it takes the place of 
water, and is concentrated by steam being 
generated from it; and in this way its ea- 
pacity for receiving heat is restored. 

Mr. Spence maintained that, if, by taking 
advantage of his father’s discovery, a mode 
of utilizing the large amount of latent heat 
contained in the steam now thrown into 
the atmosphere could be brought into prac- 
tical operation, so that this latent heat 
could be made to do actual work, the dis- 
covery would be one of cnormous value, 
and he announced his intention of speedily 
trying the experiment on a manufacturing 
scale. 


Reprodaction of Barat Records. — M. 
Rathelot, an officer of the Paris law-courts, 
has succeeded, in an ingenious manner, in 
transcribing a number of the registers 
which were burnt during the Commune. 
These registers had remained so long in the 
fire that each of them seemed to have be- 
come an homogeneous block, more like a 
slab of charcoal than any thing else, and, 
when an attempt was made to detach a leaf, 
it fell away into powder. Many scientific 
men had examined these unpromising black 
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blocks, when M. Rathelot hit upon the fol- 
lowing method of operation: In thie first 
place, be cut off the back of the book so as 
to leave nothing but a mass of leaves, which 
the fire had caused to adhere to each other. 
Tie then steeped the book in water, and af- 
terward exposed it, all wet as it was, to the 
heat at the mouth of a calorifére ; the wa- 
ter, as it evaporated, raised ihe leaves, one 
by one, and they could be separated, but 
with extraordinary precautions. Each sheet 
was then deciphered, and the copy certified 
by a legal officer. In this way the reeords 
of nearly 70,000 official acts have been 
saved. The appearance of the pages was 
very curious—the writing appeared of a 
dull black, while the paper was of a lus- 
trous black, something like velvet decora- 
tions on a black-satin ground, so that the 
entries were not difficult to read. 


| Opening. 


Sonoreus Sand.—There was recently 
presented to the California Aeademy of 
Seiences, by W. R. Friuk, of Honolulu, a 
specimen of ‘sonorous sand” from the 
island of Kauai, one of the Hawaiian gronp. 
In a letter accompanying the specimen, Mr. 
Frink states that the bank from which this 
sand was taken commences at a perpen- 
dicular bluff at the southwest end of the 
island, and extends a mile and a half almost 
due south, parallel with the beach, which 
is about 100 yards distant from the sand- 
bank. The latter is about sixty feet high, 
and is constantly extending to the south. 
At the extreme south end, and for half a 
mile north, if you slap two handfuls of the 
sand together, a sound is produecd like the 
hooting of anowl. If a person kneels on 
the steep incline, and then, with the two 
hands extended and grasping as much sand 
as possible, slides rapidly down, carrying 
all the sand he can, the sound accumulates 
till it is like distant thunder. “ But the 
greatest sound we produced,” says Mr. 
Frink, ‘ was by having one native lie upon 
his belly, and another take him by the 
feet and drag him rapidly down the in- 
cline. With this experiment the sound 
was terrific, and could have bcen heard 
many hundred yards away.” 

The sand of Jebel Nagus, a hill lying to 
the west of the mountain usually called | 
Sinai, in Arabia, possesses similar proper- 


‘in motion. 
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ties. According to Captain H.S. Palmer, an 
English traveler, it gives out musical sounds 
whenever it is set in motion. The sound 
produeed “is neither metallic nor vibra- 
tory. It might be eompared to the sharp- 
est notes of the olian harp, or to the 
sound eaused by forcibly drawing a cork 
over wet glass. When at the maximum 
intensity it may be heard at a corsiderable 
distance.” 

Dr, James Blake, of the California Acad- 
emy of Seiences, has investigated with the 
microscope the structure of the Kanai sand, 
and states that the grains are chiefly com- 
posed of small portions of coral, and ap- 
parently caleareous sponges. They are all 
more or less perforated with sinall holes, 
mostly terminating in blind eavities, whieh 
are frequently enlarged in the interior, 
eommunieating with the surface by a small 
The structure of the grains, Dr. 
Blake thinks, fully explains the rcason 
why sounds are emitted when they are set 
The mutual friction eauses vi- 
brations in their substance, and conse- 
quently in the sides of the cavities; and, 
these vibrations being communieated to 
the air in the cavities, the result is sound. 
There are, in fact, millions upon millions of 
resonant cavities, each giving ont a sound 
which may well acquire a great volume, 
and even resemble a peal of thunder, 
The sand must be dry, however, in order 
to produce sound; for, when the cavities 
are filled with water, the grains are inea- 
pable of originating vibrations. 


Frof. Wurtz on the Order of Nature.— 
Prof. Ad. Wurtz, in his address as President 
of the French Association, referred as follows 
to the ultimate questions of scienee: “ With 
regard to matter, it is ever and everywhere 
the same, and the hydrogen of our earth’s 
water we trace in our sun, in Sirius, and 
in those nebule which are still unformed 
worlds, Everywhere is motion, too; and 
motion, which appears inseparable from 
atoms which constitute matter, is the origin 
of all physieal and chemical force. Such is 
the order of Nature; and the deeper Sci- 
ence searches into her mysteries, the more 
clearly it evolves the simplicity of the 
means used, and the infinite diversity of 


results, Thus, from under the edge of the 
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veil which we are enabled to lift, a glimpse 
is revealed to us of the harmonious plan of 
the universe. Ags for primary causes, they 
remain beyond the ken of man’s mind; they 
lie within another domain which man’s in- 
tellect will ever strive to enter and search, 
So is man constituted, and such he will for- 
ever continue. In vain does science reveal 
to him the physical structure of the uni- 
verse and the order of its phenomena: he 
will Strive onward and upward in his innate 
instinctive conviction that things have not 
within themselves their sufficient cause, 
their foundation and origi; he is gradual- 
ly led to subordinate them to a primary 
cause, a unique and universal God.” 


Reported Discovery of Living Moas.— 
A report is published in an Auckland news- 
paper, of October 3d, of the finding of two 
live moas at Browning Pass, New Zealand. 
The story runs that one R. K. M. Smyth, on 
September 26th, while hunting, saw his dog 
set off suddenly at a great pace, barking fu- 
riously. Ue followed, and soon saw two 
large birds, one of gigantic height, the other 
smaller. Seeing the dog getting the worst of 
the fight, Smyth ran back and ealled his mate 
to assist him. They got a leather rope, and, 
under shelter of a small pateh of bush, got 
behind the larger bird and roped it at the 
first cast. He then took a turn round a 
birch tree with the rope. The large bird did 
not show fight to any great extent, and the 
smaller one remained quietly by it. After 
this they had very little trouble to secure 
the legs of the large bird, and they left it 
fastened to the tree two days, the young 
one making no effort to leave its mother. 
With the assistanee of some shepherds the 
old bird was taken to the camp, the young 
one following. The old bird is eight feet 
high, and the young one five feet. The 
story needs confirmation: it is almost too 
good to be true. 


How Migration changes Man.—We are 
indebted to Rev. ET. Beman for a copy 
of an address delivered by him on the 
“Moulding Influences of Migration upon 
the Human Family,” particularly as ex- 
hibited in certain Yankee settlements in 
Southern New Jersey. The author points 
out the physical differences existing be- 


765 


tween these Jerseymen and New-England- 
ers, as follows: “The complexion ot the 
Yankee is blond, thit of the Jerseyman 
dark. The Jerseyman’s face is more re- 
poseful than the Yankee’s, less variable in 
expression, and presents a heavier physiog- 
nomy. His hair is more abundaut, darker, 
and coarser. The Yankee has smaller 
jaws, more slender neck, rounder chest 
and limbs, more arching instep, ete. As 
regards mental traits, the Jerseyiman is 
slow of thought, the Yankee quick, inven- 
tive. Yet these two populations are sprung 
from one original stock ; circumstances 
have made them unlike. And the same 
results will be produced again in the de- 
scendants of the Vineland immigrants.” 
“Within three generations,” says the au- 
thor, “the essentially Yankee character of 
Vinelanders will disappear, and many pe- 
euliarities cf our New-Jersey neighbors, 
somewhat remodeled, will be grafted upon 
our descendants.” 


Prof. Marsh on the Lake-Basins of the 
West.—In a memoir by Prof. 0. C. Marsh, 
on “The Aneient Lake-Basins of the Roeky 
Mountain Region,” published in the mer/- 
can Journal of Science, the formation of 
these basins is traeed back to different 
epochs of Tertiary time on the evideuce 
afforded by the fauna peculiar to each. 
The oldest of these Tertiary lake-basins are 
of Eocene age. The first discovered and 
best known of these Eocene lake-beds is 
the Green River basin, lying between the 
Roeky Mountains and the Wasatch range, 
in the depression now drained by the Green 
River. The fauna entombed in this Kocene 
lake indicates a tropieal elimate—tapiroid 
mammals, monkeys, erocodiles, lizards, ser- 
pents. The author cites, as an example of 
the Miocene basins, an ancient lake-bed 
lying north of the Black Hills. The fauna 
here discovered indicates a climate much 
less tropical than that of the Eocene lakes, 
as is seen in the absenee of monkeys, and 
searcity of reptilian life. At the close of 
the Mioeene a subsidence took plaee east 
of the Rocky Mountains. A great Pliocene 
lake was thus formed directly over the Mio- 
cene basin just mentioned, having nearly 
the same boundaries on the north and west 
(Black Hills and Roeky Mountains), but ex- 
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tending much farther east, and stretching 
south nearly to the Gulf of Mexico. The 
fauna of this lake-basin indicates a warm 
temperate climate. The more common 
mammals are a mastodon, rhinoceros, cam- 
els, and horses, the latter being especially 
abundant. 


Inseet-catching Plantsx——Mr. William M. 
Canby communicates to the American Natu- 
ralist some observations on the Drosera fili- 
formis, or thread-leaved sundew, which con- 
firm and supplement the observations of 
other naturalists on the manner in which 
the leaves of that plant capture insects. 
At 7 a.™. he placed bits of the common 
house-fly on sundry leaves of the drosera, 
near their apices, and, twelve hours later, 
not only had the glandular hairs around 
bent toward and touched the atoms of fly, 
but also in every case the leaves themselves 
had bent over them, the inflection bemg 
about 17°. There were other leaves in the 
vicinity which had themselves eaptured 
flies: many of these were much more bent, 
undoubtedly from having held the prey a 
longer time. In one ease the Jeaf had 
curled round the prey so as completely to 
encirele it. 


Extermination of the Thistle—The Ber- 
lin correspondent of Land and Water pub- 
Jishes a piece of information that will be 
welcome to many a farmer. “ Who ever 
knew,” says he, “of two plants being so 
inimical to one another as one to kill the 
other by a mere touch? This, however, 
seems to be the case when rape grows 
near the thistle. If a field is infested by 
thistles, give it a turn of rapeseed, and this 
plant will altogether starve, suffocate, and 
chill the thistle out of existence. A trial 
was being made with different varieties of 
rapeseed in square plots, when it was found 
that the whole ground was full of thistles, 
and nobody believed in the rape having a 
fair run. But it had, and as it grew the 
thistle vanished, faded, turned gray, and 
dried up as soon as the rape-leaves began 
to touch it. Other trials were then made 
in flower-pots and garden-beds, and the this- 
tle always had to give in, and was alto- 
gether annihilated, whether old and fully 
developed, or young and tender.” 
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Food of the Bongoss—The Bongos, a 
negro tribe on the Upper Nile, are repre- 
sented by Schweinfurth as being very indis- 
criminate feeders, Among them rats and 
ficld-mice are esteemed delicacies, The pur- 
suit of these animals is a favorite oceupa- 
tion of the children, who tic them together 
by the tails in dozens, and carry on a 
lively barter in them among themselves. 
But a still greater delicacy is cat-flesh. The 
children place, in the narrow paths through 
the tall grass of that region, traps of bam- 
boo, with living field-mice for bait. In these 
they catch cats. The Bongos, indeed, eat 
meat of all kinds, exeept human flesh and 
the flesh of dogs, They make no objection 
to meat that is in an advaneed state of de- 
composition ; it is then more tender, and, 
besides, is more nourishing, more strength- 
ening than fresh meat. ‘“ Whenever I had 
cattle slaughtered,” says Schweinfurth, “I 
saw my bearers eagerly contending for the 
half-digested contents of the stomach, after 
the manner of Esquimaux, whose only sup- 
ply of vegetable food scems to come from the 
contents of the reindeer’s paunch, They 
would even strip off the amphistomous 
worms which literally live in the stomachs 
of all cattle in this region, and, without more 
ado, put them raw into their mouths by the 
handful. After this, it could no longer sur- 
prise me to find that the Bongo reckons as 
game every thing that creeps or crawls, 
from rats and mice to snakes, from the 
carrion vulture to the mangy hyena, from 
the great fat earth-scorpion to the eater- 
pillar, or the winged termite with its oily, 
mealworm-like body.” 
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Monstetr N. Ravis, connected with the 
seerétariat of the Brussels Royal Academy 
of the Sciences, proposes to publish a ‘ Uni- 
versal Dietionary of Academies, Learned So- 
cieties, Observatories, Universities, Muse- 
ums, Libraries, Botanie Gardens,” etc.—a 
systematic catalogue of all institutions con- 
cerned with the progress of science, letters, 
and the arts. Ile requests of the officials 
of such institutions everywhere to send him 
information about their establishments un- 
der the following leads: 1, Title; 2. Date 
of foundation ; 8. Aims; 4. List of officials 
(titles only); 5. Location, with the exact 
address; 6. Prizes, ete., offered; 7. Prop- 
erty owned—such as library, archives, mu- 
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seum, laboratories, ete.; 8. Pablications— 
number and class—number of volumes pub- 
lished sinee foundation—how these publi- 
eations may be obtained; 9, Any other 
useful information. M. Ranis's address is 
“ Académie Royale des Sciences, Place du 
Musée, No. 1, 4 Bruxelles.” 


Tue Wortp's Proptction anxp Con- 
SUMPTION OF Parer.—The following statis- 
tics of paper-making are given on “the au- 
thority of Rudel, of Vienna, Austria: It 
appears that there are 3,{ 960 paper-manu- 
factarers in the world, employing 80,000 
men and 189,000 women, besides the 100,- 
000 employed in the rag-trade 3 1,809,000,- 
000 pounds of paper are produced annually. 
One-half is used in printing, a sixth for 
writing, an? the remainder tor packing and 
for other purposes, The United States av- 
evages 17 pounds per head; an Englishman 
cousumes 114 pounds; a German, 8 pounds; 
a Frenchman, 7 pounds; an Italian, 35 
pounds ; a Spaniard, lt pound ; 5 and a Rus. 
sian only 1 pound annually, on an average. 


Accorping to Worsae, the civilization 
of the Age of Bronze originated in Asia Mi- 
nor, and was first adopted in Greece. From 
Greece and Hungary it spread over the rest 
of Europe. From Greece it spread into 
Italy, Gaul, and Britain; from Hungary, 
into Northern Germany and Scandinavia. 


E. Moxsen, C. E., has written a pamphlet 
entitled “The Sewage Difficulty exploded.” 
“The author,” says ‘Tron, “euts the knot of 
sewage utilization, by regarding sewage as 
practically useless for agricultural purposes, 
thus restrieting the question to the easiest 
and most economical method of rendering 
it innocnous, Ife puts his opinion in epi- 
grammatic form when he observes that 
sludge and sewage require a deal of leaving 
alone. Having removed the insoluble mat- 
ter or sludge by deposition, and brought 
the Hquid portion into a condition suf- 
ficiently innocuous, he proposes to pass it 
into the rivers ; the sludge he would bury 
or store in trenches. It will thus, he says, 
be put out of the way, and eease to be a 
nuisance,” 


Ir is proposed to make the tidal move- 
ments in the British Channel available for 
compressing air to drive the engines used 
in exeavating the Anglo-French Tunnel un- 
der the Straits of Dover, 


EXPERIMENTS made by Fleck, of Dres- 
den, on the disinfeeting power of chloride 
of lime, caustic lime, alum, sulphate of iron, 
and ehloralum, show that the last ts by far 
less efficacious than the others, Alum and 
sulphate of iron are quite as inoffensive and 
innocuous as chloralum, while at the same 
time they are more powerful and eonsidera- 
bly cheaper, . 
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A NEW tonie medicine, stimulant to di- 
gestion, and having a marked aetion on the 
liver, is mentioned in the Jfedical Press. It 
is ealled boldo, and is obtained from the boldu, 
a tree which grows in Chili, One gramme 
of the tineture exeites appetite, increases 
the cireulation, and acts on the urine, which 
gives out the peculiar odor of boldo. 


Tuer mode of fertilization of the closed 
gentian, the flowers of which never open, 
has long puzzled botanists, The corolla is 
twisted up so as to leave no opening at thie 
top. The flowers are all nearly erect, with 
two stigmas considerably above the five 
authers, An English observer has seen 
humble-bees centering these flowers; they 
pry or untwist the opening with their mouth- 
organs and legs, and then pop into the 
barrel-shaped cavity, which they just fill, 


Sir Cartes Lyerr, author of “ Prinei- 
ples of Geology,” died February 25d. De- 
ceased was born in 1797. At Oxford Uni- 
versity he attended Buckland’s lectures on 
geology. The first volume of his “ Prin- 
ciples” was published in 1830. The work 
has reached its twelfth edition in England, 
and is the principal text-book of geology 
in that country. Lyell’s “Elements” was 
originally a part of the “Principles.” He 
also wrote ‘Geological Evidences of the 
Antiquity of Man.” We gave a portrait of 
Lyell and a sheteh of his life in No. If. of 
the Monthly. 


Diep, December 31, 1874, Francis Kier- 
nan, F. R.S., author of “ Anatomical Re- 
searehes on the Strueture of the Liver.” 
Tle was a native of Ireland, but had Hved 
in England from boyhood. fis researches 
earned for him his Fellowship in the Royal 
Society, and also the Copley Medal. Ile 
took an active part in promoting the estab- 
lishment of the London University. 


Tr is in contemplation to send out from 
Germany during the present year an expe- 
dition to explore the north-polar region. 
The expedition is to consist of two steam- 
ships, one to explore the east coast of Green- 
land, the other to advance to the pole. 
The funds are to be raised by private snb- 
seription. 


Tur Highland Agricultural Society of 
Seotland lately resolved to memorialize the 
Government in behalf of agricultural edu- 
cation for the working-classes, that the 
grants of the department shall be declared 
to eover instruetion in chemistry, mechan- 
ies, physiology, botany, morphology, and 
other scientifie subjects, when taught in the 
abstract, in so far as necessary for agri- 
culture ; and also to cover instruction given 
in the principles of agriculture as an applied 
seience, and to place it in the same position 
as machine. -construction, applied mechanics, 
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the principles of mining, and navigation, 
which are already ineluded in the list of 
scientific arts toward instruction in which 
aid is given, and in which examinations are 
carried out by the department. 


Tue use of aniline colors for tinting can- 
dies, syrups, and the like, is condemned by 
the Laboratory on aceount of their lia- 
bility to contain arsenic. In twenty-five 
samples of aniline red or fuchsine, lately 
analyzed by Dr. Springmihl, only one was 
found wholly free from this poison, some of 
the samples containing as much as 6} per 
cent. of arsenic. Cases of poisoning by 
these colors, as thus used, are numerous 
and well authenticated, and should warn 
consumers against brightly-colored syrups 
and confectionery. 


AccorvinG to the Mining and Scientific 
Press, several vessels laden with coal for 
California were destroyed by fire last year. 
The cause was undoubtedly spontaneous 
combustion, heat being generated by the 
pressure and friction in the hold of the 
vessel. The “fire-damp” which escapes 
from coal-mines arises from slow decompo- 
sition of the coal at a temperature but little 
above that of the atmosphere. 


Tne Berlin Academy of Sciences has 
voted money for the purpose of maintaining 
in that city a certain number of scientific 
men, whose only occupation will be the in- 
vestigation of science, and who will have 
no other duties to attend to, such as teach- 
ing, lecturing, and the like. Prof. Kirch- 
hoff has received and accepted a “call” 
from the Academy, 


On the 18th of January of the present 
year, there died at Tving, Herts, England, a 
woman who had attained the extraordinary 
age of one hundred and eleven years and 
nine months. She was of pure gipsy de- 
seent, and was born in 1763 at Chinnor, 
Oxfordshire. Her name was Hearne, by 
marriage Leatherlund, The parish register 


of Chinnor shows that she was baptized on | 


the 24th of April, 1763. 


Frow. July 25, 1775, when Benjamin 
Franklin was appointed Postmaster-Gen- 
eral, until 1799, only letters and newspapers 
were conveyed by the United States mails. 
In the latter year it was provided that pam- 
phlets and magazines also might be trans- 
ported when convenient ; and not till 1845 
Was inailable matter strictly defined as in- 
cluding letters, newspapers, and periodicals, 
The regulations for 1852 admitted bound 
books not weighing over thirty-two ounces. 
The act of 186] admitted maps, engravings, 
seeds, and cuttings, not weighing over eight 
ounces, and books not over four pounds, 


In 1863 a number of misecllaneous articles | 


r 


were declared mailuble, and in 1872 it was 


THE POPULAR SCIENCE MONTHLY, 


enacted that this miscellaneous matter should 
embrace alt articles within the prescribed 
weight (four pounds} which were not liable 
to injure the mail-bag w the person of any 
post-office employé. Down to 1852 the 
post-office was self-sustaining ; since that 
time there has always been an annual defi- 
cit, with the exception of the year 1865, 


Pror, J. N. Benepict, who has studied 
the topography of the Adirondack plateau, 
with a view to determine the probable cost 
of storing up the surplus waters of that re- 
gion for the use of the Hudson and other 
streams, reports that—l. Immense quan- 
tities of water can be safely stored at a 
comparatively low cost on the Upper Hud- 
son, much of which is now worse than lost, 
as it runs to waste in spring freshets, which 
in various ways are the cause of much 
damage; 2. That this excess alone is sufli- 
cient to maintain a good depth of water in 
the main river for one hundred days in the 
summer, The lakes of the Racquette basin 
alone are stated to have a capacity more 
than six times that of the Black River res- 
ervoirs, which supply the eastern division 
of the Erie Canal. 


Tne “Central Ohio Scientific Associa- 
tion” was organized last November, at Ur- 
bana, with the following officers: President, 
Rev. Theodore N. Glover; Viee-President, 
P. R. Bennett, Jr.; Corresponding Secretary 
and Curator, Thomas F. Moses, M. D.,; Re- 
cording Secretary, William F. Leahy ; Treas- 
urer, J. F. Meyer. The Association holds 
its meetings once a month at Urbana, the 
county-seat of Champaign County. 


Tue chief of the Manchester Fire De- 
partment gives, in a late number of Science 
Gossip, several instances where leaden water- 
pipes were gnawed through by rats. Two 
cases are also cited where the rats evident- 
ly mistook a gas for a water-pipe, and 
gnawed through it; on both these occasions 
damage was done by fire, by the accidental 
ignition of the escaping gas. Fires have 
occurred through rats and mice conveying 
under the flooring oily and fatty rags which 
have afterward ignited spontaneously. This 
is supposed to be a common cause of fire 
in cotton-mills. 

At the Vienna Exposition there were 
exhibited specimens of paper from the bark 
of the mulberry, from the stinging-nettle, 
and from potato-stalks. The mulberry-bark 
used for paper is the bark stripped from 
twigs after the leaves have been fed to silk- 
worms. In Hungary the nettle is used with 
rags for making fine sketching and copying 
paper, and in Bohemia wrapping-paper is 
made from potato-stalks. 

At the beginning of the present year 
the amount contributed toward the Agassiz 
monument was $9,000, 
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